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{Tltla of the iB^entiDnl (Mpsa for rare-earth hoaxed 

«0r^t; m.& hm$®& magaet #iif tJw c§%»i 

[Claims] 

[Claim 1-3 a a^wl fox a. rare-ea^t& feopi^d magnet * 
thm c^pomS comprislpg a Me- earth alloy ^owaer &n& & 
bidder ? 

wiierais* t|*e rare-aarth, allo^ po^Mr &&altafes at least S 
jMSi % of com tailing as&osompoMte magnet pooler paxt.icl.es, 

wlierein the - coat ai^iiag n&tk®Qomp&® 1 te magnet, powder 
particles hra a oo^poBltioa fc©&res:e&te& fey tfea general. 

where *g- i& at Xea&t one eleeeat ael^otad from tfee gosup 
oon^i^ting of So and M± t Q 1& at least one element selected 
from the group consi^t.tBg of B £ m& kilmmB laelaSes B'.j E 

is at least one rar&^arth slam&sit substantially a^oltidttiig La 
a&& Cm M is- at leas: t one metal element, selected from the 
group coasiBtiBg of Ti. fe aaS Hf and; always iaclndes Ttt and 



the mole fractions x, y f z and m satisfy the i^^tmiitiBS of t 
10 &fc*<&3S*a® : a*%? 6 at%<f<10 at%? 0,1 fctJtS&aSSJU at%> 0 

wlierato. m& TI-oontalBiBg na^ocqmp^aita js&g&e-t porter 
gar fcicl.es- l^eliide at least two £■ er^oapasps a t ics cry & t ml line 
phases > in Aioh hard ^a§B.atio ptaeas te^e an average oxyst&I 
grafe 81je& of 10 .tm to 2#0 rm m& a oft mpette phases tea^e &b. 
average crystal grai& ^x^e of I nm to 100 rm, 

IClaial 21 Tit^ rare- earth frbfid&d magnet campoum 0:f 

Pf«r particles fea^a aspaot ratios of 0.3 to 1.6. 

|€laim 3 J T&a rara-aarth bOBdeS magnet co^Dimd of 
claim l or 2* wherein the rare- ear ttt alloy powder inc&ts^g at 
least 10 i^s % of: t$m Tl-^ipntaining nmmp®$K&®.$ it # magmet 
pow&er partialee with gartiala &&m® of 53 &m or Xm:-B., 

[Claim 4] T&e rare- mar tb. bonded mag^at composes Of one 
of claims I to 3 s w&arei.o the- rare-aartb, alloy powder 
irioluaa^ at lea^t 8 mass 1 of tte fx- contain ing nm&c®mpo&tt® 
m&g&et powder partlelas witfe partio& aii^s of 38 Mm or loss, 

[Claisn 5 J T&e rare- ear tM boused itt&g&at compomia of one 
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of oXatos I to 4, wfeareia the rare- ear tlx alloy powder 
laolaaas at least 79 mass t of the T±--b0&t&irOi*g BaBoao^|>0Bi:te 
maghet powclier partieXee, 

[ Claim Tfee rare -earth . &oMe& mageet o«p©a of o^e 

of claims 1 to S f ^hereiB the rare - earth alloy powder 
consist s es sen t rally of the Ti ~ceatain.iBg na^ooompeslta 
magnet powdar partialis * 

[Claim 7 J mm- rare- ear th bonded ma-gnat oorspsmaS of oae 
of ol&X^a 1 to 6> herein the rare -earth alloy powfer has an 
^fien co^taBt of lege than 1.24 mass- % when lef t in fha air 
for an hour at a Seating temperature of 300 to 358 : C , 

[Claim St f&e rare -aartli bOBde^l magnet oompoutia of one 
of claims I to 7, wMrein when left la the air at 400 tJ for 
10 mimtes, the compound increases its maa& by Xesa thm 
nmm® % dim to oxiaatlo^ , 

[Claim 9j The rare- ear tfe headed magnet compound of one 
of claims 1 to B 9 wherein the bin&ar inalu0es a ther^oplaetxo 
:reeX& . 

[Claim 10] ^he rare -earth feo&dec! magnet compound of 
claim 9, whereia t&e thermoplasf la resin has a softening 



p&i&t t>£ ISO. t2 or i^itBs 

[Claim 11 J Tfea rare -a^r til teadeti magnet compound one 
of alalia i to 9, wfeareia th$ mm$mm& ixmimm tfea z®£®<~ 
earth alloj |»fer at 60 » % to @9 »a % with respect to 
tfee : » of the rare - earth allof powder aad the binder. 

[Claim 12] TMe rar^-eartii feo^ied mapet compound of oaa 
of claims I to. &A> whereto the rare-earth alloy pcwil^r 1b 
made ap of powder particles obtained by pulverising a rapidly 
^olMif iad alloy wltk a - tMotes. of 60 &m to 300 Urn* 

[Claim 131 Tbe rare-eartli homSed magnet dompo^nd of erne 
of claims 1 to 12, wiiereia the rare- earth alloy powder .is 
made up of powder particles ahtai&ed fey pulverising a rapidly 
solta-ified alloy that has Been footed fey a strip casting 

iGlal^ 141 Tfee rare -earth hoaded magnet a^pmind of ona 
of Ol^ima 1 to 13, further oompri^ing a ooapllag ageat* 

[ Claim IB} h bonded magnet made of the rara-taftt/ 
hoadefi mag&et eompotmd of one of claims 1 to 14. 

[Claim 16 J Th& headed magnet of claim 15., wherein the 
magnet la rsade ay aa in 1 motion moldiiig process. 

4 
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[eiaim 17} Tim feoadea Magnet of claim 16, vfoareia th® 
rare-aartfe alloy gender is loadiad to at least: SO #lt 
I Detailed Description of tte Invention! 

[00011 

I W i $ .M of the I n t i o?x | 

Ihe .praieit £:?w^BfioB £&Xate& to a oo^pauad for a rare- 
eartk Sordid mpat a&d a rare ~^ar tli bonded magnet ixslng tfed 

10002 j 
[feipr tat 2 

A bonded magnet is currently u^ecl im \mr:iou:&. tfpe.s of 
alectrxc Bqutpvmt including mo tors , actHat.Qr '& , lo^dEpeakars f 
metsxss mm foaw ^miyergmcB rings, A teonma magnet is a 
Ma§iiat prodya^a mixing together as* allof powder for a 

magnet fi.a, , a rmgimt p&tf&Qr) ana a binder (suck as a reairt 
ox a low "melt l ag metal ) and tfeaxi oomp^at ing assd setting the. 

10003} 

In ttie prior art, aa Fe-R-E Daaad magnet powder 



4t *$e$&m tefe- »f-is^M 



awilafeXe f rom Ma§S:e#iei^:0^ . If^te^atio&al: Xac * (wM^t* will fe^ 
r^lffited to h&ra&p as *M§I Im. 'L or a -mailed pwSer% 
la used mtMvsivelf a iipet powder f or a toE&a ia|Mt> 
Tfee. MQ poster m ®mm®®±t±m. tmt in rap-rssaatad 

fey fcfee a^sral ;**Swh*^A Cw&ere tfte- la Ixob, B la 

boron, and R Is at least one rare-eartb elBm&nt &*£eot«d from 
the ®m& ImtiMB Fr, Mi, Dy «& ThK Ib. this general, 

f asiila , a sm4 t> satisfy t*a* Me^Clitlea I att&aSs at I »i 
IS atllbias att, wpoti^if, Tim MS powder Is? a rar^~ 
e ar t lx alloy powder witk & Mgfe 1 3B&X& £r&oii$i* 
[ 0004 1 

A O0E¥ea.t l^ml . aliof; poster for a t»a&#sd -m&g&$t s&cst* as 
tim MQ powfer is masts !w rapicllf and ^olldifyi^p a 

molten .■■material alloy w «It« •alloy*'). As biijSi a mlt 

^e8*C&&&§f process, a. Blagla roller Method Cffpiaally a ss&It 
spiMlEg process | ip ©£ tan utfg&x fhe &±n$j:l© roller m&tlt&d. is 
a «tb.oa of ^^eacM.^g and solidifying a moltsm alloy l>f 
bring.lBf tim Mloy i nto oo&taot wit ii a rotating oMXX. roller * 
In tkis iaefch«Mft, t&e reaaXtAat rapidly solidified alloy hm 
the of a thin gtrip for ribboBl, w&iafe la elongated in 



t&e surface velocity direct Losi of the chill roller * The 
thin- strip rapidly &0.1Mi£:ie& alloy obtained in this manper 
Is thermally treated: a&d then palver ±% ml to a mean particle 
Btz.m c?f 300 or la^E (or typically about 150 u m) to fee a 

r^e- earth alloy ptte for a pe^afte^t magnet:* In tfe;e 
following description, the rare -earth alloy powder made by 
a melt goenchiBg process will fo&- simply raf erred to 
Mrein as a *co&Ysntloj^X rapidly solidified -gnsgaet powder "1 
which will Bet tBoluda the ft&BOoomposite magnet powder to ha. 
ties cr-lh e later* 

By mixing tlia summational rapidly solidified magnet 
powder with a ra&in (which, will include herein rubber or 
elastomer), a cbtaj>6a&£ for a bonded magnet {which will, fee 
simply referred to herein as a "Utimp ound ? ) Is prepared, to 
aiditlw. siscfc as a lisbric^at or a coupling age&t is sometimes 
.mixed; with this eompcmnd* 

[ 0006 I 

Thereafter, by oo«aoting this Qompoma into a desired 
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proeaaa , f or a^a^ple , a hoBfel «ag&et la ofetaiBaS as a ooapaqt 
tm. m ^mmmmtit mm^t (which will ®®mtim&& referral- to 
teeto as a ^^m^^nt- magaat L>odf*K ftlato, the ba^da& 
to tea. rsad<a by t|» c^presBi<m ar e^trasloa process 
the ftie&er. at a relatival^ low peroaBt&g^ and may be further 
B^fejeotacl to a. aerEa« troat«at to protect the m&g^t powder 
from ^orrosio^. 
[00071 

Mea.^feila, : iroB- based rara-Bartli allaf Ca*§, y 

Miei; is partieBlai:) &&&ocosag$&lK& magnet fwhich is &&$&$t£38e& 
oallMi ax^ tiling mpat*) powder l&aa racantly bean 

&&&& ^o£ : e &&& :»ra often aa a *«aaet p«a® for a &oa&ecl 
mmpmt baoa^aa s^ofe- a maggot powSac relmtit^Xf ccfst 

#:ffaotive> Ite I%~E~E batfgd eaa^o^posita asagaat is an iron- 
feaa&st peiWBMt »gKt 1b.. Ban^mater-Hi^ala crystals 

of iroa-ha^e^ horMaa {e.gu , Fe^B » F»za&& and othar sof t 
ma^BBtic piiaaaai a.a<l tttofif*. of a:a E#eyB p&asa as a hard 
m&gmt&G phase axe <iist;ribateS mifemly witfeiH the aa« matal 
atraomre aa*i are magaatioallf ooaplaa together via e^chaage 



Intaraations (see,. :fotr a^ample, Jap&asBa Patent ^pplieatiosia 
Mob, li»3:€a.I03 and mm - 37 11 whioh ware filed fey the 
a#|i;l,icailt of fe:he present ap|>lIo;atiOT5 K 

1?he B^ocOTposite magnet includes; soft magnetic pfeases 
yet e^ilhits e^eiient m&g&et&cs. properties to tti& 

magnetio coispli&g {i*e.> f . the escolia^iga Isiteraotios^a) hetweeii 
tfee sof t ami hard., magnetic phases * Also, since there esr© 
tho&e soft magnetic £&*&#6s lm®Mz4±m rare - earth slamats R 
aidi tB na f t&e total percentage of the rare- ear tft eles»&is E 
can foe r&l&tiw&ly low (a typical R fr&etioa is 4.5 att), 

This is a<l^antageoBs for the purposes of reducing the 
maoufact^i^g cost of magaeta and supplying the imagBata 
Donstax^tlfu Furthermore, sine© 1, which is active to o^gen, 
is incliid^t! at a low pereentage, the magnet also excels la 
apti^orreaivaiiasa: , The nanooamposita magBet nmf also he made 
hy a melt cpje^^hin^ prqoess * ffaeo ,■ the j&a&o&ot^a a ite magnet 
is pulverise*! by a pre^etetmineai. method to make a 
mmQQmmMt® mmmt powder. 

9 



IFrob-lems to be Solved by- th^ Tnxmnt±,on} 

HowavBx% t&e OT^EtiaMl compaiBid for a ra^e-eartii 
foomdecl magnet, m&Se of t.ks alloy powietf Cor m&pa&t p^te] 
described above, U&s th& following drawbacks * 

100 ID] 

firstly * to a. &hi£orm micro oryst all lue ati^oture, 

wblali ooa tributes to s^r^sairig excellent magnetic • properties, 
for the opnventioBal rafl^llf solidified: magnet powder (e.g., 
the MQ powder), the molten alloy needs to. be r&pi&iy qiis&ohea 
<md solialfie^ at a xelatl^alY feigh rate. For e^msplB, when 
the don vent i©ia-ai rapMIf. sa;lidi£ied magnet powder Is made fey a 
single roller method, the roller shOBld kwe a mirfaoa 
velocity o£ 20 mf& or more to obtain a rapidly solidified 
alloy Ctypioally in a th&n atrip with a t»ic!6aes»' of m 

$& IB or less (typically 20 jL$M to 40 .jlm) , 

[0011] 

Eo«er, whexi the rapidly splMif ied alloy obtaiB.ed 1b 
this; n&sm&r is pulv&rlgeS, the resoltant pow&er will mostly 
dOHBist of pa.rtid.leB with aspect ratios of less? than 0.3. If 
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a compound for a rare-earth foo^desl ja&gnet (% y M,eli will be 
^implY referred to herein as a a oosfom^.") is made- fey mixi&g 
the powder of BWZk a shmp-B. &&d a binder together* the co^pomS. 
will aK&lblt poor flowability Spring an tajeotion mol&imi 
process, for exdt&ple. T&ub, suctx a co^oniM may nmd to be 
compacted at a higher temperature &nd/or at a higher pre^^ura, 
the types and applications df reeins to he used ma:y fee 
limited* or the oont&iit of the magnet powder mm to* IMIet to 
Mama Bixtt toi£i£*t £io^abiiity .* Also, It has been &if fiomlt to 
form a honclBd magnet in a comply shape or a hors.de<l magnet to 
fill a »1I gap (e>g^ witti a width of 2 as In an IPM 

( interior permanent magnet) type motor iixoio&l&g a mafnat 
emfea&iea rotor aa disclosed In Japanese L&tS-Open Pufeiloation 
B®» il ~ 20*075 < As uaeci herein, the ^apaot ratio" mea^s the 
ratio of t&e minor -axis sise of a particle to thm major-axis 
&±mi 'thereof ■ 
[001 3 I 

Furthermore, in a compound isolu&tng the conventional 
rapidly solidlf la<!. magnet powder (e.g., the MQ powder K the 
magnet powder is easily oxidised in the aix\ the properties of 



tfo-e magnet p-owtler itself deteriorate due to the .heat feElrig aa 
to Jeo tioB molding process , ami the resultant boated magnet may 
e^Mteit Insufficient magnetic properties, The present 
inwnion aiaaovwed via e^pems^exits that mch OKMatio^ was 
part im&t mfkj no t i ee&fel. a when the co bv t lorai rap- isli S 
solidified m^gnat pwdar l&dX^ded particles witit particle 
&±ses af S3 f Um or less, 
[001 3 J: 

Accor^^gay., whe& a. bomied. magnet Is made of a oompoima 
x^oxudlug tlie con^BBtional rapidly solidified magnet powder, 
feiie compaotiB.g teraparatee is limited to miillml^e the 
o^ifefclofc to be oa^sed; fey the &eat during t&@ molding process . 

a result, t&e c:om£>acti&ilitY, including the. fimmbllity, 
must be saorifleaS. 

(mi* 1 

Ft^tt^.e^o:re, as for a oompoimS to be subjactad to a^ 
iejectloa molding grocers or an extrosioa process, the 
oors$pMBdi being prepared is exposed ta the h&at tliat is applied, 
t o me l t a tlier^oplaa t io resin a s a binder * Tfeass f dor l ag the 
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3mmz£&ctmi&g p&m&ss, t&& mafnat powder m th& ccmpomi® wmy 
•fee &&& tM resultant mimetic properties may 

deteriorate, 

MsMas, wtea the in J sat ion ISeS body i& csit aff fsws 
tfee mMr portion, the magnet powder will be exposed on ttae 
resin surface oe the areas section of th& molded ibo&y* Also, 
tlie magna t isowiar itself may "be e^pose^. 011 £Me cross section >• 
Mimi tho m&e&st pwfer is exposed in some areas In tfeis 
^aitMr f e^rrosioB. easily a^Micas f rom those areas , This 
problem is* pazti^alarly aotleiswsfal© when *fa* wettability 
feetweeB ttoe re&lB and the img^et powder Is poor. Also, It 
aepe^&s not only "oti a gartlc^laxr material combiiiatiOB tet also 
haw the pxm^m step of mixing the resin magnet powder 
material Is carried out * Specifically, tiie com^ntioaal 
rapidly solidified magnet powder has a small aspsot ratio, and 
is tt&rd to mt&.- imitormly in tfee ooinpoaxid preparing p$-®mm 
step, TMm, la the resultant aompo^Bd, the wettability 
between t&e resin asid the magnet powder may sometimes &e not 
enough. Furthermore, since t&e magnet powder lias a large 



aspect ratio, the feigriet ponder is om^Mi fey shear force 
applied In fc&e' mimag proejesa step to newly expose otkar oroas 
sections, easily* As a result, the magnet powder io the 
acesrcata&t compound, is easily o^idi^abie, 
[0016] 

On the other imitd, the conventional Fe-E-B leased 
-&&&o.&^po&l£e, magnet powdar includes the r&ra~e&rt& elements 
at a relatively low mole fraction and tYplealij inolnSes 3S 
wit or leas of hard: magnetic phases « Tims, the. ma.gn.atio 
properties (e.g,, eoeroivlt^ M^} thereof are inferior to 
those of the consent io&ai rap.Kllf 1 solidifies magnet powder 
C&nch as the MQ pomler) . AocorMnglY, It Is diff icult to make 
a bomieS magnet with ^affioient magnetic properties from a 
mmp&\m& tnoimmg oulj tfe.e nanoao^OB.ite magnet powSer ass it® 
magnet powder, For e&as&pXe, a bonded; magnet for o&e in a 
motor .for-' a hard di&k drive (HDD) oouitt not be mad* from such 
a. naapcoraposlte magnet powder* For that reason, the 
conventional n.&nooompos±te magnet powcior dmsoribea above needs 
to be m±&$& with the co&vefct tonal .rapidly solidified magna t 
ponder. Conse^aBtly, it Ms been difficult so far to totally 
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overcome the problems of the oompo^a Includlpg the 
<z®nw®ttt±®n®h rapiilf solidified Eig^t powder* 
[001? j 

In order to overeo^ tfte profeleros de&ertfeo& afeo^e, an 
object of the present invention la to provide a oompomiS for 
a rare-earth bonded ^agxiet < wliicto oaa minimize the 
d^tBriDration in m&fhetia propertia^ due to the heat applied 
to form a bonded magnet fey p compaction process, oaB improve 
the compact ifcility incli^iing £ lowafeliitY, a&& can make a rare- 
eartfe bo&ded magnet with ©xceXlexvt mapi^tlc properties a&d 
apt: iaorxoB ivane s ■& , 

[Me&es for Solving tho Problems I 

A compomid tor a rare -earth, bonded magnet according to 
the present indention includes a rare-earth alloy powder &&d 
a bidder, fha rare- earth alloy powder includes at le&sfc 2 
m&es % d£ Ti-coataiBing nanecompoeite magnet powder particles. 
The Tl-ce^tainliig iiaEooo^poelte magBOt powder particles liave a 
oompo^ition representee! fey the general formula t (Fe^^lV). 
«&$£Ms , where T is at least one element selected from the 



group oansisfeiBg of Co and Mj Q is at least o^e el«eat 
s«lac$$& £ rs» tkm group oTO^x^tlag of B C and always? 

lac&ta&es R is at lea&t a« rare-ewth aidant spfeatantially 
enol^ieg La aM G*s M is at least oae gtstal mlmmnt m&mztm 
tmm th® pxo^p Doe:siBtiaf of ft, lr aim M. «4 always ±&.eX&<&&-& 
Tl? «<l tfee mola fraetioBa x ? y, * mid m imtiBfj: tlie 
ismq^%St±f» ©** 10 ati<^S?:20 at I s 6 at%<y<l# at Is 0.1 aft 
S * ;S 2 2 at I ? i S mS: ilu 5 ,. ra spa ct iwif , T1- con tadaal&g 

nmumomptmxt^ magaat powder p^rticile^ Include at least two 
f'er:r^»:gpet,lc «sry & t &1 1 1b b pl^aaea , in whldh h$r$ magnetic 

an am£a§a or jst&X grain s.l&e of 10 nm to 200 
aftd- soft magmtlc 9f»a#g# Jmve an auarage crystal, grain ai&e of 
1 to ISO tm* 
10019] 

The 1 i ~ oo svta t ^anDcs^iOEi t a :^a.?piet powder part i ales 

pr&feraMy- fcwa aspect ratios of 0.3 to 1,I3.> 
I 0020 ] 

rare-eartii ailof" po^Mer preferably i^eiudas; at least 
10 «ss t of the Ti-ooBtalBing Ha^ocOTpo^.ite magnet fowdei: 
particles with partible aises of S3 Mm or less, 

u 
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[00211 

Hie rare-#artbi. alloy powder preferably incites- at least 
& % of the Ti-omita±Biiig . sa&ooomposite issagn&i ponder 

particles with particle si ga s of 38 fim or less. 

[0022] 

$i*e rare^arth allay powsler preferably Includes- at least 
• 7ft ' jtoms % of tlie T 1- containing tiaBOoomposite magnet powder 
pax t Idas * 

[0023 1 

T&© rare^eartii alloy pw&r preferably eo a slats 
e^mmtlally of the Tl-osmt aiding iianoeo^posite magaat powder 
particles <■ 

[00241 

T&e r&re-earta alloy powder preferably has an oxygen 
content of leas ttzm 0,24 raw % whesr left in tbe air for aa 
hour at a haa ting temperature of 300 *C to 35 0 10. 

: Wlies* left &m thm air at 400 X? for 10 mlaut.es, the 

oo«VOunA pref&r^Mj Increases its ma^s by lees ttyjpa 0,26 
i&ass t aiae to o^idatioa, 

17 



10026] 

-T$i& binder maf Lva a tMiiopiaatid i-esi^v 
I 0027 1 

T.h.e-. thermoplastic resin preferMsly has a softening, point 

of 180 *C or more* 
[0028] 

The oosnpaimcl p:raferafelY iacltsKS&a t&e r&re-e&rtM alloy 
powder at 60 mass t to 9B mms % with respect to the ®xm of 
the rar^-earth alloy powder aM the feinaer* 

I.0O29] 

Tlie rare -earth' alloy pow&ar ia preferably -«s&<le up ©f 
pmMsr p&rtlolas obtained by pulverising a rs*p.MIy -oolidlflefl 
alloy with a thlokoea^ of 60 fim to 300 Urn* 

[0030] 

fbe rare- ear th. alloy powSer Is preferably mie up of 
powiier particles obtained fey pulverising a. rapiaiy solidified 
alloy that h&m fotmtt fey a; strip cast lag process , 

[0031] 

oomppaS preferably further iftdliicgea a coupling 

IM 



[0032] 

A. rare- earth bonded magnet according to tile present 
Invention Is made of a rare-earth bonded magnet cor^oi&ad 
according to any of the praferrad embodls^aiitB of tha prea&ist 
indention desoriteed above, A rare -earth bonded, m&g&et 
according to a. preferred e^bodi^n.t .is mada by an i&joetion 
molding proems In that case, the r&ra~eartli alloy powder 
Is preferably loaded to at least 60 voX%,. 

[0033 J 

[Embodiments of Kim Invention] 

la a compo^md for a rare- earth bonded magnet according to 
the present iiiventlon, the rare- ear tb alloy powder included 
therein (w&iob will be referred to herein as a "magnet powder* 
elMpiy) iaclades at Xeasrt 2 mass % of T±- containing powder for 
a nm&mmpQB&t® magnet (which will ba referred to herein as a 
* f.i - cob tainiiig nnnoooMpoBite magnet powder^)* 

| 0034 ] 

*The Ti~ containing na^ooa^poBita magnet powder teas a 
composition represented by ttm general formula* (Fa>,A|u>$--s-.-y-.- 
s&%M^ f wters T la at least one element eeleoted from tlm 



AppUm&m Number: Mm-3S4315 



group consisting of Co and Mi; Q is at least one eleme&t 
selected ££*sm -fcfee ommlstixm of B a^a C MS always 

l3tk&l-3ad$& B ; H is at least one rare - earth element -substantially 
e^qltidlHg La m& Co; M is at I&as-t one metal element selected 
from the group eons int . iB:g of fx, Sir and Hf and atep Inolades 
f and tfee mplfe fractions y, s and m. satisfy the 

intpalitie^ ofx 10 at%<xSSS0 at%? 6 &i%<y<iS at% ? 0.1 atl 
Si z St. 12 a t % ; and 0 :S mS q , 5 , rB^Bctivsly . Th«* Ti - cont aining 
ii;aii0^p^pOElte m&g&0t powder inclute^ at least two 
f'arro^agnetlo ory^talline phases., in wfaich fe&rd magnetic 
pka.^es have an average crystal grain m±%&. of 10 m to 200 m% 
tmtl soft magnetic pfeasns l&amt as* average crystal grain si&e of 
I mx to 100 rm-. In tba general fomila reprss anting the 
oompositioii of the U i-aantnlning nanocnmposlte magnet po^aer, 
fete- mo&a fraction k, y, z . and m praf erafelf satisfy the 
inequalities of 10 at%<x<17 at t , 7 at«J$y^9*3 at I- as*d 0.5 
at % S£ z £ 6 at % , respectively , More preferably , 8 Sgy^9>0 is 
satisfied It should fee noted that if 15 at % < ^ ^ 2 0 at % , 
tbexs. 3 > : 0 at|<^<l2 at I is preferably satisfied, 
[80351 
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T&e ^l-coBtai^xog rktaoooii^osite magnet powder included 
iri %h& coipoaa of the present liwe&tion &&s t:M composition- 
and Btrnetnre teacribed above. Accordingly, In the *fi~ 
containing tianocompo&-ita magnet powder, the hard ami soft 
&a^pis?t i,c nhaa&s th&r^eo £ ^.rs coupled. to<3&tli^r tts&xjneh ssi^-spi^ t t c 
exchange in-teractlons - Thm , although the magnet powder 
includes a tare- earth &Xeme&£ at a. relatively low mole 
txmtlon, the magmat po^ar still aKhibita excellent magnetic 
propartie^ that are at least oomparable to, or aves better 
than, those of a conventional rapidly solidified magnet 
pomler* Fnrtheosore , magnet powder has miparior magna tie 

$sop©rt±ea (o£ which the coerciYity Is; particularly high.) 
to those of a cowantlo^al nanocjomposite magnet powder 
including an Fe^B p&a&e as a main pha^e. Specif lealXy, the 
lli -containing nano^oMDOaite magnet powder ±ncX\Mec3 in the 
ooMpowuf of the preaent indention achieves a Ma^immri en.ergj 
product (BHW of at. least 70 a croercivity of at 

least 700 iA/m and a r«E6Eca of at least 0*7 T, m& ixmy 
hmm a maximum energy pro&ot (BM)^ of 90 kJ/m" 3 or more, a 
ooerowlty fi^r of 80S klk/m or iters- and a remaaeBoe I, of T 



or mors (aee Table 3 to foe described later) . , 
10036] 

As described abovB, the fi-ooD.taiBi.Hg naaopom^osite 
magnet powder exhibits magnet X& proper ties that are at least 
comparable to, or em better tfean, those a€ the convent ion^l. 
rapidly &aixaifie& magnet powder, T&m* a compound including 
the Ti»ooB tailing nanociorsposlte magnet pomter instead of the 
conventional rapidly solidified magnet pomler (e.g., MQ 
powder) c^. aas&j&fe.ti magnetic properttee that are at least 
oo^ara&le to, or e^ei* better tiiaa> those of the co&v&aiional 
compound, Metnrally, the oo^po^nd include., as its magnet 

powder, either m® Ti-con tain tug nanocomposite m&guet powder 
aloBB or a isMure also inal^ding the oowentiorml rapidly 
solidified magnet powder and/or the oo^oBtionai naaocomx^osite 
magnet powder. As will be described later fey way of 
lllwtrati^e examples, the compoimd of the present Invention 
inolede^ at least 2 mess% of Tl-contai,ai,E§ nenQco^posita 
magnet powder la the overall magnet powder, thus exhibiting 
excellent compact Ability WBL f low&hiii ty In an in j ect ion 
molding or e^trnsion .^oMing process # . .As a result,- a ftcmdeS 



mapiet $rlt.h exoBii.erit m&g&^tis? properties cap fee. produced 
relatively easily, ana ot&er effects are also aoiiieveS * More 
preferably , at least 5 mase % of the magnet poMer in the 
compound. ±® the fx- containing BaBoaompasite magaet powder, 
[0037] 

As will he msorxbm in later, fee to the action 

of Ti, the Ti-aQ^tai.Bing nan.o<2om|>o^ite magnet powder iBoImdeg 
in the compound of tha present Indention may &X00 be made fey 
qu&nahing a molten alloy at a quenq&ing rate (of to 
10* *C/$) that is lower than that of th& eonveEtiOBal repiclly 
solidified magnet powder. For e^a^ple , e^en when the roller 
sortaaa velocity ia. 15 m/& or less , an alloy with excellent 
ma.gB.etic properties aan also be obtained , teoor singly, even 
If a CtfeiB:- Btrl.p) rapidly solidified alloy is formed thicker 
(e>g<< to a tiaatai&Ss of 60 u'm or more) tto the conventional 
obo by a atrip casting process, the metal structure described 
abova oa.n al^o be formed. fte strip casting- process promises 
good masa productivity > fte, a m~ containing BaHocomposite 
magnet powder exhibiting stabilised magnetic properties can be 
manufactured'' at a rala.ti.vaif low ooet > 



Am&c&km Number: W0P35<m5 



If a rapidly solidif ied alloy with a thickness of 60 jt* m 
to 300 Hi, for example, is fonei fey a strip easting process 
and then pulvarlssa by a pin disk mill, for example, &uc!iv that 
t lie magnet powclar lias a meai particle aise of 7Q fi m , thee a 
powder, consist log of particles with aspect ratios of 0.3 to 
1.0, can 'to§ obtained relatively easily. Also, the rap.ld.ly 
solidifi^a alloy for th& Ti~ containing rianooompos.it e magnet 
powder 1b made up of smaller crystal gmiM tb&a the 
conditional r&pi&ly aolidifio4 alloy* Tlm&, the fo«r 
rapidly solidified alloy is easily divide! In rrni&cm 
or ienta tlone f tMis making powder particles 'feeing an isometric 
■sfaa$>e Ci.e,,. having- mx aspect ratio close to one) relatively 
■easily * &GoorSing.ly , by cor* trolling- t fee oo'^dltlo^H of tfe® 
p*l v&ri z at ion process, a. powder croaslstlag of particles with 
aspect ratios of at least 0 .4 can: also be obtained easily* 

[0039 ] 

Compared to a compound inoln&lng the conventional rapidly 
aoli^ified magnet powder with asp&ct ratios of less; than 0,3, 
the compound, including the Ti-con tailing iianoaompo^ite magnet 
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powder* ooo sitting; particles with aspect ratio a of at least 
0,3 C^ore prefaraM.f, at leaat 0.4), exhibits superior 
O0%aetibilit^ ari<3 flowabllity. By mixing at .least 2 mass % 
of Ti~c<3ot fining nanooompoBite magnet powder y ha^Irsg aspect 
ratios of 0,-3 to 1 , 0 , witfe respect to the overall m&g$i&t 
pomler in tlae o®a$cttmdU the fiowa'biXity is improvable * To 
further improve tfea f lowabllitY, the matgs*et powder 1b the 
oo^po^.^d preferably IneiMes at least 5 mass % of Ti- 
containing naiiOQomposita msgBet pooler with aspect ration of 
CK3 or 

[0840] 

In the fi-ocmtalalng nemooompo&ite magnet powder, the 
rare-earth element E 1b Included at a relatively low mole 
fr&otion, sm&Xl fepritle are diaper sad so as to surrosania 

the IsFe^B phase, aai those l>oride pbra*B laclttde a greater 
a&ow&t of T.1 th&zi mj otlier pfe&^e, because Tx ex&ibifcss h±gh 
affirm y for feoroa, fimss, the Ti-oontaiBi^g n&n ooompo site 
magnet powder is superior to the ooBvent'ioBal rapidly 
aoliSif leg magnet powder or oo&vejiticmal ti&aocomposlte magnet 
pow&er In oKxdatioa resistance * 

25 



[0041] 

Tim T.l-coBta:£tiln§ B^nocomgosite magnet powder adhibit 0 
e^aeiient o^tfctioii resistance, a^d. is? not oiiSi^M easily 
awn at a ts^gerfture at which the coMpoimd is compacted 
{e.g. c 300 r C } as will be described in detail later with 
ref eraB.oe to Table I, Also,, evexi Lb tfee proe&ss step of 
preparing the aompo^^ including t&e fi-contaiping 
naBoca^po^lte magnet powder, the oompow^i is not at footed foy 
thB oM&&t±o& of the magriet powder easily. iryste&d, the 
compotHid maintains the excellent magnetic properties* of the 
Ti-coi^taliilag naM^ompe^ite m^^et po^l&r. lis. addition.., as 
will be doseribad later for specific examples, the aompoxmd 
itself also e^xhits «cellent oxidation resist&Bee. When the 
Ti-containipg imaooo^poslte magnet powder tba convent ion&X 

rapidly solidified magna t powder &iM/or the ao»^.tloB.al 
BanoaompoBlte magnet powder are as a mixture, the 

compound is preferably prepared asieg a magnet ponder, Milch 
has had its mixing ratio adjusted bo as to have an OKjgmn 
content of less than 0.24 what* left In the air for one 

hour at a haating temperature of 300 °C to 350 

26 
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[0042] 

Fartfeermore , ^iuce the Ti»eoatainino; maao composite magnet 
powder exftdfelts excellent oxidation resiatasee, resins- with 
ftigli melting or softening points (a<g», polyipid&s., iisgald 
crystal polfmore and hl9b--moloetilar-wolght~gre(io res-las) , 
wh±«$t are Hard to use in the prior art, »n& metals Maying 
feigner melting palate mm the eoaeeational mm lay also fee 
«sed as foiaders. f®t example , a-y-en waon a tfeermopiastie resie 
feaytog; a sottealag point of 180 *C or more {or w«i 250 r C or 
isere ao la poiypiiOR^ioae sulf ide resin) is asod, a ®m$®M%& to 
foe iajectioa molded, exfelfeitiag excellent ntagaetlo properties? 
aod cempaotifeiiitY, caa fee obtained. It sfeonid fee noted that 
ttee softening point of a reain la fesroin mown by a ¥ieat 
softening poiat test (doeerifeea in am for sample) no 

Matter whefc'h&r toe resia is oryatalllne or mmzpttous > Also , 
e"een wk&n a tna:naosetting reain is ased, tfea resin can fee 
enre& at a feigfeer setting temparaturo ta&o tho CQxm&Btlxm&l 
one, Fartharmor© , since tae magnet powder itself axedfeits 
e^eelleat antioorrosiwenessl the magnet pert orm*moe 
deteriorates extremely slightly even waan the tfeemosetting 

■> -v 



pr&eess ;ta .parried out In ttm aix* fli^t Is to ssaf , there is 
no eeed fee* carrf otit tlia tl^e»^^ettijia -pro&&&$ In a£t inert 
atpo^ph^re, Md tM^r^fora, the process oost fee. cut dowo , 

FtirtMexT^re, since gm&i feeaf ^eBl^t^t m&frm can Mla|>teC 
a feeati^ process, wliloh is carried tfiat. to min&tt^a 

■tm emission of an uwmtet gag in mi HDD, can be prfoaeg at 
a Mghar t^mpm^mm* Thus , a footed magnet tMt c.an be 
mora effectl^ei^ ia a& HOD, for ^«pl^, cam k sIM^il, 
1 0=043 3 

By usiag s^ok a rests* having a higher softening point or 
a Mgler ^ttipg temperature tto tha oo^eratioBal one, the 
properties of tlm feezed ag»t (e.g., Mat resist &nce and 
moEanloai properties } oai fee improved, ensure siimio&mt 

mmml mimtlon rmlBtmic^ wtmn the m±^tm& o£ the T±- 
aonti%mtn^ naBOCo^po^lte magnet powder and Wm dPM^entional 
x apl^ apildifl^g magTse t poMier a&d/or tfea goiwentloBal 
B^riocompDsita manet pooler is im&d, tfce oompounfi is 
prefarafeiy prepared §k> as to inoxea^a its mass fee to 
o^iaatioii py bo grea ter t&m .0. . 26 mm$%. wfesn Lef t in t&e air 
for 10 minutes at 40§ 
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ffie con^entioaai rapidly solidified m&piet powder 
IhaimiSse the rare-earth eiemeht R at a. relatively high mole 
rrastiOB, and is omidi«aM.e relatlvaly easily. Tims, the 
smaller the particle swe, the; more &igulf±qmtl.j the magnetic 
properties &m mtm±&mtm dde to the oxidation or the 
sweMmo® ©£ the powder particles. In- contrast, is the fl~ 
ooptainiRo; nanoeotsposite magnet pow&er, the macpstio 
properties thereof are deteriorated dee to oxidation to a wa<te 
lesser degree, aM afes rsiatiYslf small pariiales with 
particle Sizes of 53 0 m or less) show almost so deterioration 
in magnetic properties fue to oration* Acc^r^Iisfiy, is the 
Magnet powder ioeiaded is the compound, the powder particles 
having partiele sisses of 53 : u m or less are preferably those 
oi the Tl-ooatainl&g nan© composite magnet powder . 

Use, eoesi&riag the Xoadahllity of the magnet pewoer, 
the magnet powder preferably ineindes those powder particl.ee 
with particle elses ©f at most 53 Hm at .10 masst or more, and 
more praferatsly at 2Q mass% or more. Furthermore :i a compep&d 
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§m Bsa to malci a &iife-aeriB;itf aompact preferably koMM a 
magnet powder inclu<iiap at l*mt »" mam&%. of pewSer paxtXaiea 
with petiole s&zm o£ 3i m or lesw* Bvea wta powter 
partioies wlt& particle of 53 &m or less arte, 

at 20 mass% or mors 1b the 1?i-<2C)ntaMi^g ^a^oco^po^it-e magnet 
powder;, tfee magnet pd^«tf for a bonded mageet s»er elMbits 
deteriorated m^p^feio properties Compared with a mmmt 
pmzSmr far a hoio^ecl magrtet, iiiclmltog tfee »e »0tsB : t of 
c^OTeBtiotial r^pMly ^oliiifiaS magnet powder wit ii particle 
of 53 ft'm or lesa^ the mapietia pro&erti&s axe rather 
Improved. 

& magnet powder for a feonded Magnet is m»^lly 
of part-leles.. w.lt;h a ^a^lmuso particle siie of 500 &m or less 
it^:ica;ily- 300 /im or lass) . To improve the loa&ebiitty* tlia 
magnet powder l^oteSeg a rather : htgh gsercaBfcage of 

particles with p&rtlale s'l-zes of S3 |i i w lass Cor 38 $ m or 
leas , fa particular} , In. the aosweatiaaaX rapidly solidified, 
magaet powfier , feo^wr , part icle a wit h relatively small 
particle &l&e& e^Mteit inferior magnetic properties as 



#ea^r£ted ftms,- to Improve the magnetic properties ¥ 

the ioaaabllity to Im sao^if l^ed, Cm&mmlY* to improve 

the ioMaMiitf, the mgnetio propartieE have to be 
sacrificed. 

I b c oe t ms t, lis the T i - oomtaiM me eae o^o^pe i t a is^ps a t 
pdwter, awn particles witfe small particle sisea aloe e&ki&it 
^5ffieil4pt mags et. to prop artier , l&w : , avers tfee jmt 

po^Ser prepared imeliafes particles | with p&rtieie 

sissa of S3 flat Xeaa} it i ralatlvsly Mg| paroant^g^, the 
px-opartiBs to mot aeterierat^. For a^emgls, evea if 
a mmp^at -powder a. partible a Me distrlh^tio^. aa 

disclosed la j&p&m^e Lald-Opeo. F^lioatloB Mo. S3~1SSS01 is 
p«parad, there no ^ead to sacrifice the magnetic 

pr^p^rtie^ < It sfewM fee that the p&rttola $Xz& 

£ii8tr±fetiot5 may he eoBtraliecl fef alaa^ifyl^g the fi- 
oontainiivg imnoeo^po&ite magnet powhsr, a^de fey the method, 
iaaerihad depe^di^g oh tfea aecagaihf * 

10048] 

Mtem a compoiiB^ is prepares! by esi&f a magnet powder 
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i;e^Ii5.cl:i^0 t&e fi-^an talking nanoco^poaita ^ap^at powder , nc*t 
naly ttfe a^aotibllltf but --Also t&a Rtftg^tJ*: pm^mtim of 

1b also true etfefe wt*en the tl- con taming ^aBacompasite «p»£ 
pwlar is m^ad witb the com^atioaai r&g&dly soiiSiiiaai 
tt&p&t-- |o*r) * mis affaet is aAlwei Mt ;|«t fescMia of 

e0P:t:aipi,af nan oc?o^po# i t e «pset p©sM@r a.mt t lis ti,o oml. 

rap-idly solMified. magnet ppw€er text also t.fee 
a^t:#rioration to maemetic properties, .1$ ^euallj cwel 

%se to the qfKld&tioa- of t&&- ea^a^tlenal r&pMlf soixaif iea 
ma#n&t in oo^pn^msi, « t>e' Mai^setl fey nMn§ th^ 

Ti-co^talni^g naaooo^ipnaite magaet powfer> Spessif iaally,. -tfe@ 
&ifc^j^&tten is ^iml?M.^e<l feaeausa £&© oosspoeni. preparing 
proeesB ^tag and compacting $lep <*am i><& carried osat at 

lower t^pwtiM Mien tne Ti-oon talking nanoaomponitn «t&et 
p^fdar is That in to s&$v in tlm OMpound of the 

pm&mt' in^^tlon, tha fl-^feaiB^i xsnBooo^posita isagfeet 
poster itwf fees exhibit ©»S6ll«nt oxl^tiois reMstaBce. la 
addition, t&e ^nwantad oxidation of the oon^entional rapMij 
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soMiif ietl mapiet powder., v^hich is u$ed in combination witb 
Tt -aon tainl&g BmeooMpBsite itiagftet pow&r tel^g tlve 
rnian^faotarip-g procasa o£. tlm bo;&dfe€ Magnet wfeldh e^i&bits 

teftrior ^ifeti<m &a&&e, can also be miriiMi:se^, 

F^rtfeermora , y tbe compound including the f I- coot aining 
B^aoco^oBite magnet fowte eMitblts excellent domg^otlMlitY 
aiid .f l ; 0«Miity * ffee, the load on an apparatus for use in. a 
kMallsg ©roeoBs (^iqh as a teeMerf pan be lightened, A$ & 
#e»-u&t>. tlte |5ro?S^cti^±tf of tfee Q-ompo-iind lEOraaee^ and. the 
manu£aetnring oast tieoresHes* Fiirtter^re,, tfeo r^its. : snd tfes 
magnet pawner can bo (or mi&&&} together wall 

Tlm®, s a compound wlt& goM antlaorro^iw^eBa , in wkkli the 
s^rf&oe of tie »pat: pifer pariiole^ is wall oo^tei with tte 
%&®&n.< can bo obtained. Also,, the amount of Ir^urttieB to 
eatar the compound aarmg the tee&dlng process can tee 
daereasad a& well , To f mttmx imprmm the wettability, 
kpe^d:abilttf- bona strength hetween the resin and the 

magnet powder;, a coupling agent is preferably added. me 
cotipling agent may be added sitliar in ^d^anoe to the surface 



of the magnet or during the proofs step of mi^liig the 

■tm^mt- pmMm w&m Mm ras&su 8^ afiiiEg tfas e®^p;l±&g agent, 
the feeaai^t tor^iia ®m m m®mm®&. m&- tiw ®£tmts- ot the 
present ^wsiition &s?a achl.evad; fi^llgr- 

[so sen 

To make full i&se of tfee' exoellept m^gmetlq properties 
o&i flatten re&istancs s &&c£ Imgro^ed aampaotibi .lity and 
flowafcillty of tile Tl-eontalBf ng iia^oaa^osxte magnet powder 
at tile: &&me time, at least W m&m&% of t&e ovtoII M&$&et 
pM» Is preferably tfte Ti^^OBfe aiding Bano^o^poaita m&gn&t 
powder. Most preferably, oxily £&e T&* : mm^ni&&. aas^^o»0Bita 
»SMt' powcler Bhoold fee rasedU 

10051 1 

flie :oompp^cl of the px'asarit iiwar^tioB s^lbits good 
compact ifeilitj . Tims , the gap percentage, of the co^paot can. 
be re&noed a ^o^d^d magnet witto an i.H^.reas . p^piet pwd&r: 
ioa&ability can be obtained > Aleo, when a tlB»sattiiig re^in 
is -mmi &b the res la fois&ler and wIise the mixture is ocm^actea 
by a oppression garooesis, a feoad&d magnet wit& a magnet, powd&r 
loadafeilitv of §0 wit or more can be obtained easily On tfea 



other hand, when, a theonoglastio resin; la it&esl ai the reaia 
hiiidex a^cl wl>ei tfee pixtmra- ife odm^aoted fey InJeatlDii 
iQiSing process* a fended magnet with a p»#ar 
^'oad#t>iIl;ty of 60 toll or m&t?® can be obtained easily* 
thXB mmxn&i: * a i3<m<ta$ magnet witto a Mgliei: Ioa<$afeiXiiy be 
obtained, As a result, a bDBde^ mag^at , ^lilblttog magnetic 
properties superior %® the ooB^ajitiotml oaea. &b profifta* 
;i 00521 

B^rei^f ter, a composed for a rare-eartli b^na&$ magast 
according to tfe.e pra=aeat Imr&ntlpn will fee dBscrlfee^l in 
further detail, 

1005 31 

Cf ±~ containing naiiooompoaite magnet powcler} 
T&b. Tl-Doat^inlag nanaoompo^ite magnet powder to be 
includad as at leaat portion of the e&mpD&aci for a x^re-earfefe 
&0:&4e& magnet aeeordlBg to tlm pxment ±m : mt±on. &®. f or»d ; hf 
rabidly ^uenchiag and soliaifyiag a malt of an l-e^E-B alloy 
containing T.i , This- rapi&Xy tfol&dtf lad alloy .l;naln^a 
•crystalline phases. However, if neaess&ry., the alloy is 
heated and further cr^tallised. 
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1 0=034 1 

ffe present iweBtors m&abverfed that when Ti was 
to mi ±r<m~ based rare- earth alloy witJs a opposition def ±im4 
"by" a -j^Meular aoMbiiiatloa of moi^ f faction ..ranges , -the 
«qleatiQH «d gwth e£ an a ~ Fe phase , o£t®n oteeiTal Aik 
the melt .is quenched and obstructing tM expression of 
e^caXlept magnetic pr^ertia^ feigh coer€l^ity assd good; 

loop EguareneBs of tlie aa^ageetl^aticn curve mpm &t&er 
things} , oould be- minimised and tlse £^&tal growth o€ am 
8b#€**# compound phmm.* Contributing to ttard magnetic 
properties , could be pref ersntiallf and mifoajf, 

I00SS] 

tJi*i©ssi T£ is. a&o&4, the a ~F& p^ase e^iif nucleates m& 
m®®?& faster -a&& earlier t&&& M^^B pMee, AacariiBgl^, 
w&ea the rapKllf aoliS-lfiaa alloy is tfeexmall^ treated to fee 
^rf stalii^^d, trie $ -Pe pfe&ae • with sof t magrmtio properties 
will Js&sre grown ^xoeaslveiy and no e^oeiX&nt magaatic 
properties Ce,g, , ft- and: loop sgaa^XieBS, In p^rticmiarl will. 

| 80 SSI 



Applkaflon Number:. 2983i$$4£l3 



in contrast, ^fe&re Ti la aMeS, t&e Buoleatio^ and 
gr0wfe:h M^efeks of tfee —Fe pfeasa woold be slowest flow , , 
it t^oHld take a logger time for the a -Fe phase to ^oaleate 
m&&- m®M* ^Um, &m $r&stf&t iBventors believe t&at 
Sct^Fe^S pM^s would ntart to BUQiaate a^d grow bef ore the a ~ 
Fa ptse Ieb s^oMtM a^S grown: coarsely. For that reaam, 
the MS^Fe^B gham cam be grown Bttf:£±m,mtlY and <!iEtxxfcute<i 
imif oaiy bef ore the a -Fe phase grows too Muctii. FurtlMrmor e s 
It is feeMeved that *F1 A* hmm^f .tool^dei in the m#e 0 B gfea.se,- 
but preae&t profusely in t&e ±mn~hm&B& feori&e or in the 
ijiterf aoe featwaeiv the phase §&d the Irori~b^se<l boriSe 

plmse , thus Mffiiii^f the iroD- based boride. 

That £&■ to saf y the ^i-QOBtaiai&g liaBooompoaito. sa&^net 
pc*w*ler for use the compoma of the pxhmmt xmmnt:im% ami 
%aw a t^aiiooomposite Btraotiire i& wlilch Tl contribate^ to 
slpiMo^i raduatlon 1b grain aiss of the soft magnetic 
phases Ctnol^disi^ the ±ro&~ hm®& horicle aa<3 0 -Fe phases), 
uaMoaaa aistrttetion of the t^F%,B ptoe asm increase in 
?otae imt^ of tha m^Fe^B phm®. As a result , 
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to the situation wrsore no- fi is adaad f the eoercivity and 
««0^£lfc*t&cto . Cat i^S^I itsmit ancl tJa® loop &^mg&m&& 
of tho dBmag^ot isatlem cw/e improves , tte®# ao^tribati^g to 
aofeievi.^g e^^Silie^t «i^t£e gropartiaa: In tho r#Balt»t 

H^r^isiafter, th& Wi-conta,ininp nanooo^posit^ m&pB.et 
©ospdter f or ,1b. t|» eompoim^ of tfee pr&&a&t iweBtioss will 

at least 1m i&o ^omponn<$ of tfeo present l^eetion 1b 
praforafelT represented I5Q? tke pBaai CF#^>Ali^^.^> 
*«*B S > *toetfe f la at least om siamoat *«a*et«a froM 
f^f cciB^isttog of Co »f it; Q is at least ®&# eiweBt 
^atectaa from tfea gropp oo^^fetiBf of 8 (toro^) M € {cartoon) 
mm alMmm ieoie^e^ B? R la at loaat one rare- earth ei»nt 
s^festmt iallj o^featng Ca? ana M is at laaat ome ^etal 

eiamant ^elaotocl from ttm propp consisting of f : t , £r m& Hf 
»l always iaei^&es Ti, 



ffee m&le fractions x, m& m prefara^ly ^atiaif tie 

in^gualltlea of g 10 &t%<3e^20 ati\? 6 at%<;f <10 at*-f 0.1 att 
•S %S 12 at. % .? and §Sm& C> * -5 >■ ree^po&t ± valy * 

irara-0^rtfe ale«jtt at a& small a »la f raction as Xesa ttexm 
:i§ &t%„ However > Blum T± hm mm wMb&* tfe mpet 
a:cM : i?es t&e TOe^peota^ effect ^ of ka^piiig, or wen 
increasing., pag^efcl.^tlOB C rpaMBa ) B. v apsl :lmp:ro^l^g 

tfee loop scpaxene^B of tb^ ■fewgneti/^atien curve t^are^f 
compart to tie situation wfese Bp ft is 
[0062 1 

la tfe© f t - contain lag nm^&«q&sZ&& «atgw*t , tim 

soft magnetic j>i»#ea We a varf m&Xl graiB s&m.± 
:^c^oor<llBgly : , the* as|^cti?e &&n&Z 'jLtxmtit pMia^ are oo^plect 
together through e»im&ge iatoraptiQas > Far t'it&t reason, 
ev® t&a^.gli soft magnetic? plmses mspl* as koa^kaai b©r£<$§ 
asM& & ~Fe phases &ra p^«t alo^g with tha &ar€ ^agnatxe 
EsF%*B ca3^o&&& p;tese y 'the alloy as a fMk caa exhibit 



amsalleat spwesi a t t tm a^^^^ti^ti^ c^rv-e thereof , 
f£hiS3] 

containing ^aoQc^^poalta magnet pow^^r preferably 
«WM lr#a-t^sa^ horifea ap& a ptiaaas witli a aatarat.iO:a 
mag^ti^ation a*|ual to, or awa higher tfe&re, t&at of the 
$#to&49 |Ms€, ft«pi«. of tkosa iron-ha&ed 

inci^^a (with a s&t^Ms&cm tegBeti^atiam of 1.5 f) 

oa.se, the HsFsuB pfeapk lias a saturation Kp^tiiatte of <&6ui 
1 * 6: T waen R is and the ^ -Fa plm&a has a saturati^a 

BMgB.atisatl.on of 2 .* 1 T * 
I SOS 4 1 

Mo^mallf y w!i«^r tte mola t^-aotlon x of B is greater g&ftgs 
10 at% aM tfe® male - f Tmtxm j of the rare-^artii &&«esst E is 
S &t% to 8 at I , E^a^^lj is p^aaa^ad, lowwr , even al»n a 
material alloy mitli aaoh a oampositloa is a&ed, t-ha ad^itiaa 
of Ti a.s Is &m in tfe^ present i«itto e&e pra^^a EaFe^S 
p&asa aaS soft »gaatic ix«~lmsa$t feorlfe phases aoa& as Fe^i^ 
ai inataaa the aa^a^tei RaF.e^is phase * That la to 

^af > w&ea T.i la &<Me&, the peroemtafa of tfee E#%# ptmsa oaa 



fee teerea«& ani the iron^astcl borida p&®m& pra&aead 
oontrtb^ta to i«Mlto§ the »pM : fci^atiOB, 

fte present i»itofs 4iscow:re€ Tia experi^nts tfe&t 
ciBlf fi fp aadesL the mafBetI:Ea:£i:0 ; ii did apt <lac:mase 

but rattmr k«^8t as ©ppo&M to amy other metal element 
adKli'ti=v»- wl as ¥./ Cr, Hb or Mo. Also, tttaffi Ti wa^ 

a*hie<! , the loop of tie ae^gaeti^atloa carve 

better than that realised by aMlng amy of these 
•element s * 

F^tbsrmore, thoaa effects aAk« By additive Tx 

particularly sigaif iaamt wl^re the concentration of e is 
f r^tex thm iO. «* % , IfcrelMfter , tm® point will l>e 
fes^ifead with rafer«e to PIS* I, 
[0067 | 

Flt*> 1 10 a graph s&Qwissg. a re Xat leash ip hetweah the 
maximum e&argy pro&aat |B$0*b* and the concentration of B In 
an Md-re-B magnet aliof to wfeM eo ft i« 2b HS, I.,, 

the white hara represent data ahoat apples eontaiatnc 10 atf 
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t o 14 att csf Mel ,. ilMs t^ a bl^ek fea» srepreaea t Sat a atjo&t 
®ma$&m& ^etaiB.l^g f at t to less tto. 10 at I of US* tte& 
otfear toi, ¥W-, 2 la a frapfe al-owliig a. re.latiaaaM.p betwaa^ 
me MtlMi e^ergf protest (iSI^ tlis 0^«tmtto &i B 

in m~m*n xmgm^ alloy to m%oh Tl is Xa FIG. 2, 

to 14 attr of «> wM"La tlia feMck bars repre^^Ht data, afootit 
samples -^^fcad^ng 8 &t% to 1« tlEte 10 at.% of m* 
imm} 

A& cms fee seam from F£@*; 1 , omtte ttoe ao»itrat4^ B 
^me^SB 1.0 at fx tMa aamples io^l^^liog no f i rtillt €aoraaaa€ 
energy pix>feeta mattar M ±& 

mmtBMmd tmxmM. Wmsm Wm aoataat of M is i at-t t.a io at%, 
tM.l decrease is p srtioui^rly MtoaSSi^ ♦ 'EM,® taa&aaoy lias 
1>eaa w&ll to.o» la tMa art aa.il it lias; wlMf teliwetl 

tftat ajif Kg^et. allof , i^cimM^f m M#i M B plm^a as ±t& mala 
phase , alKHiM not aoataia ^ara t&an 10 at* of B.* For iastaaca, 
llaitad Stataa Fataat m. 4,M6*#St iiaalaHas a ...working a^a^ple 
la wMels B baa a aoaoaaf raticja of S afe% to f>S att > ffela 
pataat taaofeas tfeat the ao^aaatratioa of B prafa^a.^Xf 4 ait 



to lees* tliaa 12 att, mora pr^farafely 4 atf to 10 at%, 

111 contrast, as can ba .mtmn from wm* 2, t&« samples 
inciting additive <s&aw iacrea&ecl energy 

prefects CBH) : ^ 1b a a erf aim r«ge wl^xe itsa B q»«tMl:i» 
is greater than I.® at%. This iBOjmaae i& partioai&rl^ 
where tM< Ma eoatwit 1b S att to 19 att . 

Tims, tna present indention can remsa. tiw corw&Btio&&& 
^istialief tkat a B concentration of greater than 10 at% 
de§radsa the magnet ic pr opart is a and. epi achieve the 
W^p^otBi effects jest &y a#Mag Ti > te a resnlt y a ^agmet 
powder, coatrlJ5atincf to aa^aBtagaoaa f&atores of tna oo^oimi. 
of th® prassnt iBVBB:t,tae described aba^e, c&& fee obtained* 

I SO? 1 3 

tel. a m&t&ofi of making tlie f Ba^^o«;p0Bi.te 
raa.0B.at powder, at least in the eompoend for a rare- 

earth bonces :m&f&et of tfee pra&aB.t iwentiost> will fea 
de&aribad * 



as^a^ amis 



& Of the allOf ^l:t& tte cOBpO^iti^ 

T&$t%m'mt &<l ■ tbfe general f ©OTila t ( Fa* xsgMK^~«GyM*« 
#, f i: % mm m mt-kBtj m m:l%<^£.m att, *- att <y<X9 
at% , 0v 1 at % 12 at I and g^m^Q , 5 , resist :lwlf 1 is 
rapidly q^aacliea witbin an. la ar t atm0spfeere, tl*erofef prep^rtog 
a ^apt.t1I;f soliaieimf alloy iBole^i^f &® m?B t 0 ocmprnm® pmse 
at >S0 fotolii 1 or s Sh» average orfatai grain aisa of tfee 

IfeJ OTpcm^ piaae ia taws r^aiy aoliaifMa altof ®m 
SO im or less.* for ^Mpia. If nacas^ary, tills rapiaif 
aolttMM aXioy mar be &aai- t;;raated> TI^b., tiie amo^pliopB 
pliaasB remaining til the rapidly aplMifi^ alloy c*m &e 

10073] 

la an e^od.lmant its wmatx a malt BpiB:aiag process or a 
atrip eastiagf prac^esa is oarrl^a out "by using a eiiilX roller , 
tfee MolteB alloy la rapidly ga^chea vithftr* aa atTOaph^ro 
fea^img a preaa^ra of 1,3 &B& or mare> tfee s»XtaB alloy 

is not jtft rapidly f»oW fcferoaok the c«taot with ttt© 



0MII roller Mt #100 fertfer ooolad a.pp^ppriatelf ciaa to the 
^a^p^iarF <^©Ms*S' etfeeis eeiEefi fej the atmospheric gma. aw& 
altax: the solidified aliof Mag Mft t|» ohilX roller, 

.tecp^dlxig to tto results of o^parimant^ the preseBt 
ii«t« aaxria^ oat r Mfeile th& g^eneki^g process is 

prforiM, the atmosgfearic gm ^MmlM tern its pmmmn 

pwiiB f — 10:1.3 »a) or lass, w prefarahif 10 to m 

mm mm. mmn mmm pm£m^f. 2h kPa. to €0 kPa> 

Wtoce the at»E;pherio gas has a preasare falling mthia 
®t thees preferred »pf, the aariaoe wiooity of tfee 
cMll roller is praf '^rafely 4 m/s to 50 mfm* fhia 1b feecpsa 
if ill roller aerfsee ^aleoitf is lower than 4 m/&> thea the 
K#e^B ^os#omMi phaaa, ln : e.lud.a.£| la the rapihly ^oll^iflad 
alio j, will liaise a^cossi^eiF large crystal ir&iea. la that 
oa&e. the E s Fa w B oompo^&S phase ^111 farther koraase its 
g#&±& aisa wl^en ttormalls? treated ttes poaaihlf deteriorating 
the resaltaBt magnetic propartiaa. 



jtooog&i&g to t&& remits of the a^psri^^ts caasrled *rat 
by fefea prssseat the roller surf ace velocity is mars 

pmfa«hlf S . m-/# to 30 i/s, e« i#ri pref arahl;r 5 to 20 

w a , 

[00771 

§fe&h a ;^a : ta:ria : i all^r hayirig the eo^positiaB. of the fl~ 
«|itoi|g ^amodo^po0lt^ magaat p&wa&xt iBCimlad ill-, t&e 
■e^mp^m-f :■ of the ptrBMmt. im?m&±m la spMly aaaacha€ &m$ 

a straottira In wfeieh mJ^ost mo. Q -W e phase ttttli an e^sa^iwly 
large grain &i&e precipitates "tat a miorocrf'stalliBe E#e ; uB 
e«©0OBd. phase exists instead or a structure lis which the 
micro^rys taliiae ^Fe^B cmpmm& «&& an mot^hmiB phase 

TOMit. Ao€oMi^§If\, wfee& m<£» a rapialf ^dittiflM ai&ay is 
'th«*»»ily treated, a Mp-ptrfa^aa na^o^o^posita magaat, la 
which soft agnatic phasae moh m Irmi-lmsmi bar Ida phases 
&ra diaper^ai fiealf or Aitftxttnst^A miifarmly oa the pM 
botmiary batweea the hard «§Betia phaaea , will be obtaMadv 
As asad hareie, the Amorphous pliaaa^ meaas not aalf a phasa 



In wtiloli tlm atomic arxaEf«mt is aaf f .iaia^tly ii^Efem! tot 
alssr© a pha&&- inclia&ijag ©ssferyos- for ©sryst^llisatioa extremely 
email crTstalliBe regioaa ..{witli a a:i&& of $e«Ml mano»ters 
or leas I , aad/ar atomic eteteri. Mare spaeif icaily, tfea 
*a*c»qpli0tt« phaaa* herein. ®f p!*aae of m&oh the ^rf ^tal 

atraetara oao^t fee aafimd fef an K-raj QM£m&*&&ri aa££$8l& 
or a TEH obBsr^a.tio^ . 

Ib, the prior art, ama wtet oaa triaa ta make a ragMJf 
moMitif IMI. alla^ laeia<tin§ vo^aasfe I or Mare of 
eoitipoTOS pbasa $y mp:Mlj qmmching a asoXtat* ailOf a 

B;anoco?^pog5ite magnet powder included in the easEpmmd of" tte® 
px®mmkt iiwe^tioB but that; iaaladaa no the reaaitaat .alioj 
will have a ptrncture in whiah a lot of a -Fa ptmaa has- gro$*& 
cotoIi* Si!, whaa tke alloy la heated aa*i ar^ataXli^acI 
aft or that, tM a -Fa phase will imaraaaa its graia sise 
a^aaBaiwlf , Oaoa sof t M^aatia phaaea aa t&e m -Fe 

pmse k« grow too ^afe, tfea asapietic prapartiaa of tke 
■aXloy dat^rio^ata ^i§alfiaaatl:f \ thos making it virtBallf- 



mposBitel® to produce a ^ual.lty boMet magnet out of swSfo an 
alloy , 

Mrti^vxlarly wit : fe a material allots ooptai^iag B at a 
relat iv*3af Mg& percent af e ii&a the Ti - c de t a iai s*g 
tumoo:ompo^,ite magnet powder inol^dei in t&e e^pomS of 
iCs&ant i^e?itlM, ev« if tJbB moltasi alloy is gue^che^ at a 
low rate, ewstilliM phases cannot be produced bo >sa^iiy 
according to tfce coB^e^tio^al metfeocl. *m±s. ±® %&o%m&- th& B~ 
rl&h molten alXaj M.gfeXy likely creates a& aMorp&o^a pfeaae- 
For t&at reason, 1b the prior art, a^ea It one trla<? to ma&s a 
rapldlF MWifiM alloy laolu&iBg 60. TOl^me % or mora of 
EsFe M & oampoiiaci pfeaaa by sleoraaaing m& memmm rate of the 
melt sm£ f ioientlj, not only t&B E->F e l4 i compound phase "but: also 
fe&e c$~Fs |S» or it 8 pr&oisrsor will preoipltata a lot , fMw. 
«hjm tlmt alloy 1b heated «k| orFstalll^ea after, tftt, tha &~ 
Fe ptae will f^rt&ar grow to deteriorate thfc magnetic 
properties of ths alloj seriously* 

Tkaa, it was wieldly belia^etl tmat tlia baat way o£ 



tmss-mssLm ooerm^ity of a material alloy £or a 

naeoao^poBit^ magnet powder was (|«0M^g a melt at ai 
leereas&d rate to amrpiisB most of the rapidly saai#l££«& 
alley first ml then fosmi&t a highly fine and uai.fo» 
gtmot^e by he&ii^g ami crya tall! sing the amorphous phases. 
This ,is became to eo^wantio^al. s^ethois y it mis taken for 
grafted that there: was bo other alternative "feist, cry st&XXiEiftgr 
the amorpfe0i3s through an easily ooBtrollable heat 

treatment process to make a jiaaoooMpoBite magnet h&vl&g an 
alloy structure in wliich crystalline phases, of v&zw. -small 
ftl&gs aire disperseclv 
COO Oil 

Baaed on this popular belief , W« €, Chan et al. , reported, 
a techaicpe of making M&Fa^B as>d a -Fe £hafta0 with grain 
at&m. on the o^er of several tens vm- kmox^Xm *o Ghs^s 
t^toi^ie, ^hioh $«eel» in profeciag amarphoas phassB, 

ia -$a&£& to a material alloys Haxt, the material &iXoy is 
melt q^sencfeeci to mafee a rapidly &eli&i£ led alloy mainly 
eompwa#' of the amorphoas pkmm* then, the alloy ±m 

heataci »1 o^atalli^ad.. Sea. 'S* C* Chan et &i > . *The Effects 
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of mtmlB on tm MB^mtm Propariiaa of & * 

F#/%F e^B - typ& p^e:^ , IBii Trans , , m * 5 , 

immmm* 99 * JCy&B$ Korea , pp . 32iS-3267 , „ m±M 

article also taa^es : that asMlng a refxaot^ry metal elem^t 
$®m- m $4* to a very small a^owst 2 at%) improves the 

wpwtxo properties and that the mole fraction &t m, rarfe- 
sarth el«mt , is prefera^lj i'nor&ass&d from 9., 5 at% to 11,0 
at% to redtica the gr^in ®&zm of the Md^FB^B and a>Fe phases . 
Tha refractory metal Is added to present horides such as 
RgFe&aB* Fe^E fro?E5 haiag produced ®n& to mafea a materia;! 

allo^- for a ssagr^t powder eonatsti^^ essentially of M&^F&^iB 
ami &■ -Fe phases otilj, 

Iti mntx.m%, in the Tx-contaiBlag aanooomposite pagnet 
poster included in the oo^po^ma of t$m present invention* the 
additive Ti minimi s?e& the riacleatio:^ of the phase during 

the raplg solicit leatioB praee&s* In addition, the ad^i.ti^a 
Ti also protoces a aft magnet to phases s\mh as IroB-ba^ed 
boridess and yet minimises the grails growth thereof itsring the 
heat treatment process for crystallisation. As a. result, a. 



magnet pMer e^oellasit; magnetic properties ear* be 

^fetal&aS< 

[0083 ] 

That is to Bay, *w&n though the material IticMea 
a are^arth el&iB&nt at a relatively low percentage (I.e., $ 
att or , a magnet powder , exlilfeitlag high m^^ti^atlon 

(or iBmane^ee) and coercivity and shewing excellent loop 
aquarene^s? at its ^?«gxtetiBatiaa ousr^e, fee obtained:, 

100841 

described afeew, the coercivlty of the material alloy 
for the Ti-oonta.iBi.ng Ba^oeo^oalte magBat powder Is inore^&&€ 
making the M&&F$ a *B phase auQlB&te aacl grow faster a&4 
earlier in the gue&dhi&g process m tliat the Md^Fe^B phase 
Increases its parcel tage ana yet fe^ minimising the 

gs-aia coarsening of the soft magnetic phases. RIbq* the 
s»gfifc*£ssatl©& thereof ±?wsrfl«aei* because the additive T± can 
pro&uoe a feorMe phase , terromagBetle ircm-basa« 

horides) from the B~rich Bea-magaatlc amorphous phases 
existing in the rapidly s#XMified alloy aM can. increase the 
V0"X-U&& percentage of the texxa^agnatio plrases io the heated; 



ami- ^rys taXXtses! alloy >.. 

The i«t^riai aiioF obtained in tMs maimer is pref e^&hX-f 
toiM a.o.& cry^talXi^M. ae|>e^fJ;ia<? cm the to £o» a 

structure wl't& tMrae or wra crf^taail^e phases iB^Xeiieg 
.RgF&^B- oompoimd, barMo and a -Fe phases?, fhe heat treatment 
ia p^eferablj OT€^ot$S wltli its te^aratur^ fe^^tloii 
ooatr^llad in midfe a ss&aner tliat the %Fe^B ph&&& 
will ka» werap areata! grain s&sse of 10 m\ to 200 nm.- ami 
that the 'telle Ma a -Fe ph»e& will ha^e an ea^arage crystal 
grata aise of 1 nm to 100 am* fha RsF&mB- co^pouad pte^a 
normally has as> a^eraga ^ry^tai g^aia aitm at 3S am or more, 
wiM. .^ay fee Si) tm or mare fe^eediiif osa the c^ailtlaas > Oa 
the other kaa&, the sof t magnetic phasss, macfe as horlde and 
a ~fe |3lmaea> often haw p«p areata! spst&sa ^i&e oi 39 
am or loaa t^iaally mwn&mi ^Kter^ at most, 

E-.O 0-8:6- 1 

in tha material allay for the li-ooatai:aiBg 
eaaoaosHposlta m^f^et f owler, the fofe^B aomp<MM phase has a 
greater enrage orjatal grata else tha^ a ~Fe ;pheee« PK, 3 



Applied. NumMr: mm - mm 



■m^m^MaM^ Illustrates the metal straot^e of this- material 
aifef * &*. In FX®. "3, fine soft magnetic phases are 

mstr±hirte& betwaea relatively large KfrF»i*P cg»oima ph&pes* 
m&r*. mmm& the Ra£%*B compound s&ase- hais a r&Iati^ly large 
average cr^tal gratu &Lze, the soft magnet ic $bwu»s toe a 
sufficiently small average crystal grain B±z® because the 
or^ta! ■ gr.owth thm:&&£ ham bmtm m±&lm±z®&-, ^ooorSingly , thesa 
constituent phmm 4*r* «sinetioaliy coupled together tbremgh 
e^changa Interactions the mag^eti^atio^ dl^eatians of the 

soft magnetic phases coastr^l^ad by th& hard magnetic 

phases CQnaequ^iitls? ( the silsQr m a whole can ^k&ifelt 
e^cell^nt loop ap»a:^ at itss des^gne tls^ation era, 
[0007] 

In the m&niif&otarlng process dtettOT&toed atee, ferori&es 
are ^a^iiy proteose!. "The reason to be as follows* 

When a. solidified allo^., mostly ^opposed of the H^e^B 
compo^M phase, is made, the aaorplioiiB; phases e»isti&g In tfea 
rapidly solidified alloy ahoeld contain an a&ceastee amoimt of 
B* Acoor&ingly, wlian the -alloy la heated ami crystallised* 
that B will bond to other &i^&x*t£ easily, tlm& nucleating assd 



m®mtm§ in prMm&®& <• B»^¥«, if 8 bonds to otk#a» 

ami pro<Sncoo ^puMs witl* low magnetisation , th&& 
tM alloy as & will hat &eti&fe&**& mag^at i^a tloB , 

1,00881 

lie preheat ipitte ais^owrea «a6 oonf ixme<f via 
s^tari^esits that milj wfesii Tl was aMed, tlie magnetisation 
fi-M not &mr&m® bat tatkar ii^ss^sea as opposed to «&y ot&er 
*ma£ ^lament a^lfivs soofe as ?, Cr< Mb, Mb or Mo, Also, 
the a€Sifc.l^e M { f i , in part icula r I improved tte l oop 
s^tra^eia of tlio demagnetisation cnxvo fax better than anj 
of tte olo;«Bts oitoa ate aid. looer Singly , the premmt 
.inventors feeiiwe tfeat Ti plaf S a role in minimizing the 

pro^n^ttoB of fooridas wit-l* maoneti^^tlon * rartleolarlf 

*m relatively «I1 amounts of B and. Tl are indlu«e*t in tfce 
mteri^X alloi for s&$ to prepare tfee Ti- containing 
Mnooo^poslte magnet ptier, ixon-fea^BS bnrltio gn&oee with 
ferromagnstie properties will easilf grow whll^ t&e alloy 1b 
heat»treatodv la fcfe&t oaes, B inelnaoo in tfee non~«pietle 
n:^orphone pli&Bas wonlcl fee .absorbed into the l^OB^-based 
borMei, .As a rasnit, the ^on~m&§netin amorphous pim&m* 



EmmtniMg mmn m the allof that tea teep heated; and 
QXY®%&ZX±%m f decrease their volume paroeiitage but the 
ferromagnetic or^staliine phase iacraa^as its wlissie 
peroe^tage instead, thus increasing tlie rema^Boe B** 

fersi^a;ft^x, this point will ba farther disaussed with 
reference to F . 4> 

FIG, 4 acMe^tieally illustrates how rapidly solidified 
a;Ux>jS mmm their micros tx^d.^r&s during th© cxYBtalli.^atioj^ 
proG^sse^ thereof In a situation, whara Ti is ad&ed ancl in 
sitwtions where lib or anothar matal element X$ a3« ittfttead 
of Ti, M^ra Ti la ad«ed, the grain growth of tm r&sp©©tiv© 
constituent phases 1b miptei^Bd even in a temperature rapge 
e^oeaaing the temperature at Hhleh the a -Fe phase grows 
rapiCtY* As a result., a^osllent Hard magnetic proparttea sa^ 
be maintained. m contract , where any of tha other metal 
elements (e.g., m> V, Cr s eio. i 1b ailM f the gral& growth of 
the raspaott^a ooastittiant p.ha&es advances rem&r&ahly and tha 
eKOha&ge Interact .Ions among those phases weakens in the 



relafel^al;f high t&^per&«re raag& ±0, whioh t&e a -Fa pte.e 
grows rapidly. As a rebuilt, the result &Bt dOT^f^etl^tio^ 
d^ry&s- Mwe decreased loop awareness * 
[0091 1 

First, t&e Bit mt ion where Hfe, Ma 01: W is added will be 
aasoritoed. In this wa f if the alloy is thermally tesatect 
m a rela timely Xm tmiypB^Mtux^ range where no a -Fa phase 
preoipit&t&e, -tbaa good hard magnetic ipropartias, InelmMeg 
superior loop sqiaarena^s of ttia a^m^gnBtl^at.ioji <sum f are 
^phie^ablss, in an alloy that liaat- treated at smte. a low 

temperature, howsy&r, Microo^Bt^llip^ phases wotiM ,l>e 

tii^ersea. in the Ron-m^gBetio pM^s * m& tite alloy 

does not to the Banoo«|?oslte magnet structure would not 

•aMLi&lt high mgn&t&mt&.on* him* ^ the alloy is Heat- 
treated at a. higher tt|l*tre ? t&ea the a -Pe phase 
Buoieat:aa grows: wt Of the amorphous phases. milika the 

situation sgUm® Tt la a<Me<S, the a~F& ptase grows rapidly 
•Increases its grain aise eKaessrivsiy * As- a result, the 
a^ohaage interactions among the ca&st it uesvt phases weaken. 
the loop sqimreB&sa -b£ the demaf^eti^atio^ a^m deteriorates 



b 1 gnif isss t ty , 

tm ot&er &m&< where Ti is %m®&, a naBooomposite 
gtracius, jUttOpOlftg ?Riero crystal line R 2 F© X «B, ir©»~baa«a 
borldfe, a ~Pe am* amorphous phases, can he £m>m$ by im»t» 
treating tm alloy, ana the re^pe^t.ive constituent phases are 
dispersed fi&ely ai*& imifamiy* Also, tee ad€itiom of. Ti 
fflfeimges tfee grsin growth of the e^Fe phase. 

Where V or Cr Is added, any of these additive metal 
elements Is. coupled auti~f arromaQwilQally with Fe to form a 
solid solution, tUm. decreasing the magaetisatioa 
sigBif loaetly » Tfea eadltxYe ¥ or Cr cermet ininxmisse the heat- 
tmmm&nt-mm&m grain, growth suf f ioieatly t either, a»d 
deteriorates the loop Bm^mmm of the «3^ft&gaet;J,*atipa cam. 

[0094] 

Tfeas, 0»ly when : Ti ie added, the grain coarsemlng of the 
a -Fe phase cm. he miaiisiaed appropriately end iron-baaed 
boridea with f erromagaetio properties oar he obtained. 
Fartli:erR5«re , fi, as well as B and €„ pia^a as impart ast rale 



m& an. element tfeat 4ei&Y^ t&e cry Btalli^atioB of fe initial 
arystals (i>e,, 7 -Fe tbat will fee transformed Into a: -Fe) 
during the melt qoem^i^g process? Mi thereby facilitates tfte 
jfcgo&^tXon of a. BiipB^cooled Aicpaid. Aocor&lngly , evei if tfee 
melt of tb.e alloy is rapidly ^mmcfeeS and solMif "lea at a 
relatively low p^oMBg' rata of &bo&£ :lO ci t--/s to about 10" X- : 
a rapMXy Bolldifle^. alloy. In w&idh- the a pfeaoe has 
aot praGlpxfcatacl too muolt aotl the mlorocjrf^t^llMe S^e^B. a^d 
as^o^pbouss pfea&&& qoe&ist , can bo obtained* Sits greatly 
OQ^trifetes to ooat iMaofiQS teoaase tMs maaos that a. strip 
casting process., imi:ti.^ilarly citable for mas.^ production., 
aao be selected from varlooa leit §uesa&m§ teobaiq^es, 
[0095] 

Thm strip casting prooass is a liigixiy protootlva aotl 
eost-ef f ootlv-e mot&ocl for making a material alloy by rapidly 
?5&enoM,ag a molten alloy* T&is is fcseamss 1b th® strip 
casting process, tlte flow rate of tti& molt tloes not h&va to fee 
controlled ueing a mmzlB or orifice but tbe melt «y be 
ponrod directly £%om a tuxsdi&li onto a chili roller, To 
a^Qrpfe.i:se the melt of ao R-Fe-B rare earth, alloy iu a 
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qn&nmm^ tate r«ga a-cMia^ble ew& by tha atrip casting 
process, normally B ^Bould he a<Med at 10 at% or mora. In- the 
prior art. If B is aMM that mmh, ttem not jmt tmn-m&gw&Zx® 
writes phases but also an m ~Fe pMae and/ or a go£t 
magnetic SH^«*a8s phase will grow praf^r^tlaily to haw 
large grain hisses after t&e rapMIj BoIMi.£led 
alloy im& bees tharmaXlF treated a^d ra^staMiwwJL men., -no 
milfoxip micr-oar^p tailing stmoture can be formed, &s a result 
the v-telsm® peroentaga of f erro^agr^tilo |>iia.ses ^rMses, the. 
&&§&$t isat 1 d a an.5l the foi»fe percentage a£ the H^Fe^lS 

glm&e also <g&cr$$&&s* Ccsiseq^antly, the coeroi^ity decreases 
^otl^aahly. Hewever, If Tl is added, them tfee a^qa-HBlye grai:& 
growth of the. ®~fm ph&m i$ miniirslsed as described aba^e* 
a result*, the m^aetlsatlOB iBorea^e^ more tte expected. 
[00961 

It should be -potecl. that a rapidly- soliaifiad alloy * 
i&eiu-Mssg. the. JI&sFe^S phase at a high vo-tmne peraentage, could 
i^prwe the reattitaat magBetio properties more easily than m 
rapidly -soXidi'fleg alloy l^cliidin;§ the amorphous phases at a 
high . ¥o.lme percentaf e , Aiccordiagly , the vg1h&& percentage of 



tfaB MelsFe^B pJiasa to the overall rapidlj a oil Rifled alloy is 
prsf er&My SO vo!w@ i or »re 4 mora specif i&allf $0 wiw % 
or more, which m!^ was caloulated fey Moss&a*ier s^etrosoopj. 

Hereinafter, an e^oaimemt, in $*&lch a melt sg&sisix&g 
process or a strip easting proofs (wkioh is one of roller 
methods} Is ateptad to prepare alliy a m-q^ntaipi^g 

ita^oco^oBlta $£gf&e.t paw8&£ aoeorSing to the preset Invention, 
will h& describes more specif i&alXy- 

(Melt ©eaaiig a^&xne) 

Xp thlB m^omnmm, a material alloy prepared by 

uaing a melt macM^a...^.uch as -that -ph&mi im Fl-SS, S, 

fk alloy preparation process is perform ^ within an Inert 
atmosphere to pr&rent. the material alloy, ^SiioJi l$R?lmle& 
rar#-earm eieiMt K ana Fa • mat are eaMIf oiigi^afeis, from 
feeing oxi&i&esL f&e inert gas may be either a rare gas' of 
U®:±±m\. or argoa y for a^amplev or nltrogea* The rare gas of 
liellim or argon Is preferred to nitrogen .> feeeauae nitrogen 
reacts with- t&e rare-earth element R relativaly easily 



^.e mae^iae s : howsa in Fig. 5 toolu&es material &I1of 
melt log and g^o^ohing cslmmfeers 1 and 2 « In which a vacuum or 
a.a iae-rt &tmt-Bplb&r® is ^aintaiBaa at an adJu&tafcXe pr assure, 
Specif :Iea?I3L3f, FIG* 3{&| Illustrated m. overall arraBgameftt of 
the machine, while FIG, §(&) illustrates, a portloa of the 
macte« -on a larger aaale, 

I oioo] 

Em- sUmm FIG, -Si*}* the. melting pfeamfear 1 iiiclMe^ s a 
m&Xt crucible 3 to melt, at an alerted temp&r&tu&mv a 
.material 20 that has toean ^i^e^fc to have a desired, magnet aliof 
^o^0sltiots; a rasar^olr 4 with a teeming ao&sle $ at the 
bottom? and a ml^et! material feeder 8 to ms^piy the mi^a4 
material ill to the melt crucible 3 while maintaining an 
airtight co;Mitia^v The reservoir 4 stores the .rasit 21 of tie 
material alloy therain and is provided, with a heater (ilot 
shown) to Maintain tha. temporatere of th*^ melt teer&ati 
therefroEi at a preset e;o&feed level* 

The ^uahphi^g c&amb^r 2 iDoloa.es a rotat ing oh i ll roller 
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1 for r^Mly queaoMing m& solidifying the malt 21 tliat lias 
beam Gripped tbroagb the t«a&Lfig »o**i»- 
(0102] 

in this maefeine, £ba atiao&p&ere frassnre itxat&e the 

siting anil Qpe^cliiBg chambers 1 ana 2 are oo^trollabls 
Mi tli to pr.e.^c'ri:fee« ranges , For t!mt gtrp^e, &tmosp&eria gas 
Inlat porta Its* 2U ana 8b and outlet porta la* 2*& ina Ba are 
proviaad at appropriate position of the m&obine> In 
particular, the fa§s outlet port 2a is connected to a pomp to 
control the absolute pressure inside th& ^Ateg chamber 2 
within a rang.a of 30 kPa to the normal presmire (i.e.. 
atmospberxe pressor a) „ 

[01031 

ffe melt cruets la 3 may dtfMe a desired tilt angla to 
pour tlia melt &X through a t'imsiel 6 into the reservoir 4, 
The malt 21 is heated 1.0 the rM^rveir 4 by ibe better (mt 
mhornn } « 

[0104] 

Tbs teeming iio&^Ie § of t&e reservoir 4 is posit xo&$ct on 
tfee boimdarv; wall between tbe melting &sk1 quenching obamfeers 

(a 



1 axid 2 to drip the msit 2t in the reservoir 4 onto t3m 
Mfite of tfe.e- oM.il collar 7, whi.d&. is locate mfer the 
nor&ie i, fta erlfiee diameter of tfee teeming Bessie 8 may 
fee 0>S « to a > 0 £o* ex«ple> If t$m vlmm&t^ oE the 

melt M is high, tteo the melt 21 e&^ot ficm tfexo^.gfe tlie 
teeming nosrle I easily, m this amboaim^t, however, tfee 
pra^^ore Ix^i&g ttte ^»c>si^:i o&aMmr 2 ":1b kept i«r than the 
pizsmmm- iie:«b the melting dtesastsar 1. te^ariiBglf * 
appropriate pre^sme dlf^erea^e is sr&at&d between tfae melting 
pemifciig cfeaMters I end 2, axsd tlie m&Xt 21 m%n be teemed 

to ac*i0?^ a good tlsem&l oonfeati^ity^ tlte oMll roller 
7 may made of Ai alloy, Cu alley, carbon -ste&X, Isra^e, w. 
Mo or hrcm&e* l«w:^ the roller ? is prefera&lF of C\i* 

Fe or an alloy including Cu or Fa, bec&isee s^cli a material 
realises, a. iciest mechanical strength at a rea&onatele 

Mao, if tfee chlil roller is iMe of a material etlmr 
t&m Cat or Fe, the re^ltaat r&p±4if eolidifie* allof oa:^ot 
peel off the cfeill roller easlXf and mieht be wou^S 



tfee roller . The ohill roller 7 may have a tii^^ter of 300 m 
to 5t0 in, for imstimce. ftas wet^r-caolirsg capability of a 
wter cooler prwMea iMi&e. the cM.il roller J is ealepi&tM 
and atpMei! oa t&© I&teai liaat of aoliiMioatioe asis! 

the of t&e m&lf teamed per pFsit tins* 

The «cM:m &t» fli*S* & f&$ m3 €ta rapl^l j 

soliaiff 10 kg of material alloy la 10 to 20 mia^tes, for 
eiaif le> Mm ra^Mly solidified allof ol>ta.iBs<t this 
1b la t&e lorn of ap alloy tfeia strip (or allof^ 
2 a with a tlilcltnas^ of 10 to 300 Mm and a wl&tii 

of a ism. to 3 f or a^a^plo , 

in this frooe^s st&p> the -alley tfela strip fym Itu 
■t%&0$mm® ta:iwti(! at SO #m to 300 fim* 8fe$t, the rapidly 
solidified a.I.loy .10 t&ormaIXy tra^tad asi crfBtallisad If 
asoaaaary, mid then polv&rirad, tfesrabf making a powder 
in^lMlirig at loa^t 70 «m t of partioles with aapeot ratios 
(i>o. < fetus ratio of t&e ^i^or a^ia to tim major Mis 

siBo] of 0,3 to 1.0 iM at least 10 masa I of particles witii 



pairtidle jafcaMW* of 53 |i.m or less with respect to the oyat&il 
powSer particles, By aSJtiBting t&e tMesSmese of fc&$ alloy 
tMi £trip and ptilv^ri-gSsiQ it in this maimer, almost all of 
t&e powder particles cai have' a&peot ratios of 0.3 to I/O, It 
steals feo notaa. timt tise particle aisa la hsreie meaaureii by 
QlMB8±£%&n<3 the powder with. & standard ■ $ leva J IBS 8801, 
I 0108] 

{Melt quencliing process) 

First, the melt 21 of tfee material allay, Akl Is 
^epre^eetea fey tfee general formula de^crlbad akve, Is 
prepared, smd stored in. tfie rBservoir * of the malting diiai^er 
1 sliowsi In FIG* §Ca|> the malt 21 1& dripped t&ro-^gli 

ttte teeming nossle 5 onto the water -coplafl roller 7 to 
eoBt&ot witli, &bcI be rapidly goe&o&aa. ana aolldlflad by , the 
&h.i.ll roller 1 within a low -press lire &.r atmospheres Xa tft&s 
oaso, .®m appropriate rapid solidification teelml^ue-, maki.Bg 
t;.&e ^uencMiag rate controllable precisely, should foe adopted 

Xb t&ls emfoo&lisent , t&e melt 2.1 is preferably qixerioliexl 
a^a solidified, at a rate of t /B to 1 X '10 s t: /e, mora 
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preferably iX'iQ 4 *Cfs. to iXlQ^V/s, 

h period of time daring the melt 21 is geeiiched fey 

tlM chili roller 7 ±b eqaivaXeat to as* interval betwe^p a 
point in time tfee alloy ooat&atB with the outer oirc^faM^e. 
of the rotating chill roller 7 and a point 1b time the alloy 
laa^es the roller 7 . la th±& period of time, the alloy has 
its temparatore &em?eased to foe a st5 : pa^coole4 liquid* 
Th^re^fter, the so©erooolea alloy leaves- the chill roller 7 
aafi travels withia t&s inert atmospfeera. mile the tliia-^ trip 
alloy la towltof, the alloy has its heat 4i^slpated into the: 
atmo^phBrie g&a, Iks a result, the temperature of the alloy 
farther -drops,. X». this e^odims^t , t&e pressnre of the 
atmos|3kari^ gas is 30 kPa to tfee atmospheric pressors. T&fcsr,. 
the heat of the alloy can he dis^ipatecl t^io the at^ospherta 
g&s svan mora effectively., aaS the !M#euB oompoansl oaa 
mialaats. &ad grow f inely ancl uniformly 'in the alloy * It 
■should fee aated that anlaaa an appropriate amomnt of element M 
B%$&h. ctB Ti has bsea a^Mec! to the material alloy, the a the <s - 
Fe pliaae si'5ioleate^ and -grows faster and earlier la the rapidly 



^tsmkm -flmlwr: miasms 



soM,4tfia4 alloy, tfests detari©ratlm0 mm ra^lta^t upetia 
properties * 
COllIj 

In i&ts essteqfiijsie&t , tile surface wlooitf of t fee roller i* 
a€Jwta4 to fall witMa ike r&Bge of m m/s to 3-0 m/s aai the 
pressure of the atmosgliario gas i& Bet to 30 RPa or more to 
tocraaBe the .s^cwtef eoaMag affadt e o&o^aa toy tfea 
at»aph^io qasu In tMs raier, a rapidly aoiidif led alloy., 
iaoiudlng at least 60 volume % of EgFa^B sompoiM^: p&asa with 
aa warage crystal grain sis* of «&- ^msXl as 80 or 

la prepares, 

IS 11 .2 3 

A malt apia^iBg prooaas, in wliM the flow rate of ttse 
to 1 tea alloy to be supplied osvte tie aarfaaa of tfea ahill 
roller is controlled fey uaMf tl» e*r orifice*- 

aitoptasl as aa exemplary malt ^a^Mng proeees to »ka ttm Ti™ 
cdataiai&g jia^ocompoaite m&gaet powder for ase t& tU& cmxpmm^ 
of the prsEsnt. tawatioa » Alternatively >• a strip oast lag 
proaaas miag io aorsle or orif ice or aay of wiriaos sBethagg 
may also be uge(L Also, the single roller mettesl described 

67' 



a&ov.a, may be repl&aed with a twin roller method tfeat pa.ea & 
pair of dMll rollers - 

Mtoiig thase quenching tepb:m^;uaa> t&s strip oastis*g 

metlioa remits la a relatively low guenohing rate-, i*e>, 10"' C 
f ® to 10 s *C/«* Jb this embodiment F bj MSkf appropriate 
of 3?i to the material, alloy * a ra#Mly eolldlflaa alloy, 
mmt o£ tfttLdkt feaa a structure ineltiainf bo Fa initial crystals, 
omx he mage even b^r ttie strip casting process > The pro^e^B 
oest of the strip casting method is afeaut Half or lesp of mwf 
otfeer »lt quenetilng proofs? > Aqooraimglf , to prepare a large 
q^^tity of rapidly aoliditlad alloy, the strip casting 
is much more eif^otiw tMri the melt spinning method, is 
suitably applicable to proSuotlosi, Ite«r, if 

element M is added to the material alloy or if Cr y ¥, Mn, Me, 
3F&: aBti/or W ^re/ls aMM t^er^to iMtffld of element Ti, then a 
metal, atraotnre inolnaiag a lot of Fa initial crystals will be 
p:tx>dticad €?ar s . in t&a rapidlj soliSlflefi alloj prepared by the 
strip casting proeess , Censeq^entiy, tlie desired metal 
structure cannot be iormed, 

■&8 
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[01141 



■M.m-s In the melt spinning or strip casting prooass:, tfee 
tfeiofeeEs of tlae ^aauita^t allay is ©d»treli*fea& by ':«dj&irtlit$ 
the aurfaea VBiosit^ of the roller. If an alloy Having a 
m&mn&m of m- &w to 3 cm .jK.ra ia prepax^a by adjusting the 
surface velocity of tfc« roller, tfeea t&e alloy Mas 
ri^oerys tallica at«&re aescrlbed above, ana can be easily 
divided into p^#r particles having various ori en t at lo tis 
tteouffe a p^lverxE-atloB process* As a revolt y powder 
I>&:rtiale$ tovlpg m% iBomatrlo sftape (,i*e. , having an aspect 
ratio close to one) e&n te obtained easily. That is to say, 
th® powder particles dtefca&sefi will not be elongated In a 
partleular orientation feat will Ipe an isomslrio |or "qpaaal- 
^pteria&i ) shape . 



On ttse ot&er 'fe&&«|-,- if the alloy la .ma.da thinner tfean 60 
hw I nor casing the surface velocity of the roller, tlien t&e 
metal structure of the alloy te&cts to i>e aligned 



mmwmut imml rapidly solidif ied ma.ge.et . In ttmt ease, tim 
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to tka roller contact surface as in tlm 



alloy ia easily m&&m& I* tlat qri^tation , and the powder 
particles maete $*y p\iXv®£&%w&&m. process are likely 

elongated parallel to t&e £u£:£&Qe of tfae alloy < A.s a reamlt, 
pow&er part iole^ having an aap&ot ratio of : leas than 0 .3 are 
ofetaiaed of t &n * 
I O il 6 J 

F1S., Ma) ^cfeewt leal 1 j illustrates an alloy 10 t'M&t is 
yat to aiifej&^tsd to a paX^eri&atian process and powder 

: parts aim II made by the p?il^ecl^tlo.B proaeas, 1b a method of 
making a magnet powder aoear^xttg to Ms em^odi^ent. On tfae 
©tftaa? liana, FIG, s^iamatioally tM^traias a.n alloy tM.a 

strip 12 timt Is yet to fee objected to a pulveriza.tio.a 
pmmm and powder particles 1.3 made Dy the palwrl^ation 
grooese in a conventional Mttod of i^Mng a rapidly 
solldif i&d magnet pow&c 

t#U7 I 

&s shown Sm FIB, Sim.}, in this aboSl»nt, tha alloy 10 
f at to fee sab{|ec;tad to tbe palmer ±& at ion proee^a is msM uj* of 
&mm®t;r±o crystals with sraall cry^t^l grata si sea, aad Is 
likely divided In raadoss oriaivfcatloa^ to proslace ieomatric 



powder partlelas? 11 easily . Oe tie otfe&r Ix&Ml, tlio 
^oOTentlonal ra#Miy ssiitifita alloy is Iltely di^MeS 
TOfest^ti^ily parp^BSi.^i3la^lf' to fcfte t tern alloy t&is* 

«tri# 12 shw 1st F2<3- tte p^o&ciag flat 

19119} 

In |M,s Mimer, by eo^t»Il;ias the roller m^t&ae 
wlooltY mitlti& fcl» ramge of .2 m/s to 20 wJ& (mm® ;^rafera»f 
8 m/B to IS ra/») &:r*& fey ^dj/i^tiisg the tMoteaa- ; of tta alloj 
thin strip within the range of 60 m to 300 p m, a powfes 
h&vi&g && aspect ratio of at Xa&st 0*3 { pref er&feiy 0*4 to 1*0} 
can be dfetaieei, 

(Meat treatment) 

tMmaiif treated wltlxi^ as* i^pn ttTOfto, W^t^tiblY* tfea 
alloy la teeatad at a t«poratmre riiae rate of 0>O8 '"€• /'& to 
2§ T!/a, retaiMi at a taapsrat^ of -sso : C to as# t- for 30 
m®op$& to ao toMei, mfi tfe&ss cooled to room ta^perature . 
Tills teat: t^eat»rit re^I-t& IB. naol^atio:n a&a/osr crystal 



t&&& f toisig a ^aao^mpaBit^ mi or o orf s tai 11 Btris^tuxe * 
M^or^toi to tMs. e^feadimaat y tfes mloro^x^^ tallica M&sg&iM. 
p&asa alraa<tf ac?eouat^ tor at laast €0 wl^me t of tfee as-a«fe 
alloF t!Mt Ms itist started, feeiag tlamallf treated* fMs, 
0 ~Pa otiier orfBtail£iss will slot lac^aa^a tlmlr 

st;^s too roch and the ratpectlv^ ooD;^tit:^»t attter 
tto tto ^to^r^t#llme H%F^# ;pl«^e £i>e*, soft ^agaatio 
piiasaa) will &a dispensed €±tmlw ^Bilf^rmly* 

If tfea teat iz^tmmk t^pmte is lower thai* SS§ t: , 
t&eai a lot of ^o^fea^a pka^aa wf r«to. awn af ter t:fea feaat 

desired la^al ^ep^p^g m tHe tfc&dlfciasar of ttofc tiplfl 
f«cMig p«ii, On. .«b» otlmr Imt, If th& tot t»l»at 
tempe^ati3ra exqe^d^ : ^ ; S© : 'C ., the gr&ie growtJi of t,im ZBBpmcXtvm 
mmMt&tm^t phmm will i*?i» t® msoM* ttes. femai^ ttra 
t*mm$&f£®& is- clateriorating t$m loop sti^^m®®® of ttie 

4«agaeti^atioB mm, For ttesa r«ii, fte &eat t$&&tm&®& 
t«pmt^ is prsf ^ra^ly SSO -C to 150 X , more profaratel j 



570 f to 820 t. 

£0x213 

la this m^&mm^t, nm ntmmj&m±& §m cmxmm .mm$(&®%t 
oooliag efif&eis so tfeat & .s«f : ££.«i«a* wo«»* of iM^a^B 

m®&m% sallalfiaa alloy, &ecardlagiy ? mm if tft* ragMAy 
mim$*£MM alloy :1s aot aaat-traataa for crfitftl M.m£$Mi 
pai««, the »aMIy oallaJLiiao alloy itself «gm coO&ftit. 
aaffiaiaBl magaetic prapart las T&at is to sav, tka heat 
fexeat?£aat for aayataillaatioa Is aot an iadispaasahlo process, 
Sotewr,. to turtkair Cfee maaaatie properties, t&» hmt 

taaats»at ia preferably aoadoated, la aaaittoa, mm though 
m® m&t tx»ataH&t ia oarxiaa: oat at Io»r te^paratarea tfeaa 
tMa aaaaaatlaaal paoaasa, tjfca magaa&lo ofopartioa aaa atill 
l^pao^afeia sif £ iclaafc ly , 

fo p^aaaat the alloy tmm tmiMg &&mm&, the fimt 
tmmizmnt la |sraf aaaoly aoaao.atao. within aa iaart atmaapltora » 
Thm heat taaatwaai mmj alaa se parfarsasa: wlthia a vmwm- of 
0.1 kl*a or iaaa. 



[0:1231 

It stMmM fee ttet mm caz$*m 1$ adiied to tt» 

«tei*laX alloy, t£m o^idatioo ^eslstaaoa of .th» saagast p«*r 
tot!*er iaoraasa^. if m *^£f$&±mt mmmt of C .Ms Ify&m added 
mmma, then *is& f4i#| Boiidif:*e& aLloy may fee lieat»tx^ta;d 
in the air, 

me rapidly solidified alloy yet to l>e -treated wtay 

pt&&§&& in atditio^ to the E s Fej,§B <^mp4^md &$M3rphooa plm^e&* 
lo t&&£ €a.i€ f wttee tip? Imat traatsao^t is tieiBh^d, tlio 'ft&*h$h 
pfeiie will dl^afep#-ar^4. to the action of tho additive 

* Instead , or y & t ai gratis of « iroii- ba ^ ed feoride I o . g , , 
Fe^B&l , axliifeltiBg a ■&®tm£&&&*m: «f^etx^atio^ that Is agpal to, 
or even higher t&ao , that of the i#a y B pfe^e , or & -Wm phase 
cm be groiB > : 

Even though the Ti~ containing nanoaoEposlte -m&pi&t powder 
iaolo^sd lo tha €0^|5oaod of tho pros&ot i^wBtio^ inoiude.& 
sof t maf oot lo phases seith as the a ~Fb pfeie , ttm; graio growth 

,-5; 



of the 00ft «gnetio phases has fee^n mihim£ : &a<l by the ai€i.tiw 

A.ocoMtBQ : iy , tHi soft a^cl M.r<! Bmp^etie phases are 
m^feet.lc?^ilj cossglea togalMr t&rougfe ^chapge l^taraotioB^ 
ail 'tim m&p^et powder cais e^hihlt Snellen t ^ag^etle 
properties , 

Af ter the teat treat^e&t # t3m. t^e^S csspotssKt' phasa aeevfe 
to he^e a& &ry$tai grala si&s of lass than 300 

pref erably Ms asm average cr^tal grata of W m to 

100 mv ? mora prefer^ If 20 tm to 1-5-0 turn- smft even more 
praferablF z& xsm ^ ISO ^m, <M the ather it the tetfe 

m& &' -Fe pfm^ee an awsmge crystal p»x& sise of more 

than 100 Bi, 4 i the «tap Mtera^tiOEa a»^g the 

re^peoti^e cwtiMMl: phases tim® aetarie^atiag the 

loop sq^arene&s of the ^emafaetimtion curve anc! &scr#&Mag 
iMIl^, Ifeverthsloss , if the average crystal grain :.$±m of 
these phases la X&$& than 1 't&fei* a high eoeroivitf aaaaot 

be i^ie«d* In of these ooasiaeratioas , the soft 



apetie p&ase^, as ma. larife ami a ~Fe pmaes, 

pra£er<ii5iy »r#. ^tll graMr of 1 ni to 10# 

m* pr^fem;blj M xm m Immb* ma stee |r6fe#ly 

30 or losa* 
[01271 

It steBia fee Bote€ tlsa* the £&Ib st^Ip the rapldlF 
s0ll<IIf led allox may b& mi^mtlY cut or ^oac^ly imlveri^ed 
tetee snl>je^te4 to the Ilea* treatment, tlia toat 

treatment la £ini&&&«£< the .rBsultaat alloy coarse pw&ec (or 
'IMe: stripl ia farti^er pul,v#ri:^Ml to mato a ma«at go^r > Is* 
tl\&$ mammr, the Ti-oont aiding- ^am«o^poBlte ia|itt powfiaf oaa 

CBescrlptloa of': pul^rx^atioB fiwi) 

a r&ra~ea.rt& alloy powfer witfe a sw^to^m paxrtiele of 
# ss or Ie&&\, mora pai^ti^IarXj 300 &.m or l&m> 1b 
pr^ferablf to lale a oo^KnmS for a rara- earth feo^Se^ 

magna t according to the present Iwtttoa. Sto the po^ar Is 
eo^pa et B a y t aa powSer prafer&fely h as a m^a^ par t I ale sisse of 
§0 to 200 ptm e . aiara preferably 100 tm. to IS© II m, 



Thm asuggrcct ratio of tfce «<p^t ponder i^flueBDe^ the 
tiwafeilltf of tfee eo^pouncl* the f i - ociittlBkf MMCTpot ite 
Maoasi powaar to ba. iooiofesl at 2 mass! or more: Ja t&e 
: <3«p0«a of the present; iavoatioa preferably tern &a aapaot 
ratio of 0>3 to .1,0. It is ^atarallf posoifeie to Mix tto* 

pifiar with an aspeot ratio of leao than 0.3, 1?o make a 
oo^poood wltit &&&ter aowatjliltf y at least Wi of the 

mafaat. powSor prof ;ar#$lf 2»&8 m aapoot ratio of 0.3 to 1,0. 

tim&im^*^P$$r* tfee -pmppmSL mmm mmmm a magnet 

f^wier, of wttdi 70 »^ t or ^ore is the f i-ooatal^iag 
masiooo^oaito mipft powfer with asv a^poot xmtio of 0,3 to lal. 
It 1« aatar^iiF foeoibia to &£x tte smg:aot p«ar wltfe am>ihar 
i«§.«t. poplar, aoah a.a art MS powder, of *M tto powder 
part icle Mf t- a op eot ra t io of las a than SK 3, 

[0130! 

3?fo& fi -contaiaiag a^^o^o^oaite m&gpet powfer Mwimj Jicfe 
aa aBpaoi ratio eair be laia fef gattiag ao alloy thin 
with a Mstew of 60 111 to 308 lim pal^arisM hf a pia. 



mill fetiqli -..-as that a|« in FIS> 7 < for example* FXQ* 1 ±m a 
o^S^-Beqt.ioaal illortrating « &®m&&S£g plB mill, for 

Bae to tfeia iifedimL fMa mill 40 i# a |>to ai^k mill, 
lie Mill 40 £b0»i two 42a and fcftat ai;a arxangaa 

to f aea eael> 0ttM:r, <M slaa of sac** of tha&e di&te 
m& mm 45H>*. m3M±p&& pins 41 m& mxmg&d to as bo* to 
aellide against e^oh oiB&r> at least one of tfeasse ai&&8 42m 
:m& 421* rotate Cb) at a Mfb volBeity. Ib tfee axaepls 
iilast^atei 1b Fl(J, 1* the disk 4fa rotates? around a slmf t 43 * 
FIt1< i iliasteate^ a front ^iew of t&« disK 42a mat la 
Mgp^i to rotate, On disk Mwi in FXQ* l y the plas 
41 are arranged; to foa a plural ity of oonoontrio circles, 
ffe pipa 41 a^e also . in a simllai: o^oa^tria pattarsi 

oa fefea fimsd disk 42 b, 



* wor&p»ce to da p^Iwrised &y pin diek mill. Is 

loaded tl^ooip. mi imot port 44 into the spaoa between t&e 
two cJiefe, • c^Ilite af&iost ths p±a^ 41 on the rotatiig 
fl^d di.0Ma 42a and 42fe asif 1b doe to the isspaet. 

&• pcwfer y formed fey tfeis pelmrisatlon., in felowa off in the 



4&>&rtfta #wtter* »rSl<ei5 



pra : ^^:te;Oii:lBe:d, position f ia&XIj* 
10132] 

In tbe |>.1b mill. 4f of t;M<B «l>o^i»at . tfee aisles 42* amst 
4|$h supporting t&s 41 thereon , ire 1M1 of a stalixla&s 

steel. , for ei^fie, tlia pias 41 are itif of a oemeBt&i. 

carbide material such as a&rbom steel, a or slntsr^d 

t^g^tem oarbl#a (W£) * Examples; of otter pref errsa oe«Btad 
earMfe materials imsladte. : MC, MdC, MbC, Tag aM 0r€ 2 . I&oh 
of s^mMtad e&rfei^e materials i& a, miat#ra<I feo^j ma* $sy 

o«lKl^i^g a: a«M.fe po^er of a Orcmp IVa, tfta or Via «tal 
il«t fitl Fe, Go, 111, Mo, Co, Ffe or Sin. or am alloy tteraot- 

By parformlBg the palveri^mtlon process witfe. tMs pin 
s^ill m<ler a&qft. o^^^itlOBS tfmt tbe particle &&&<$se& 

156 A- a* or X&$&» a poMer of wbiol* tM particles. tuwe 
agpeet ratio of 0.3 to 1*$ qa& be obtai^etl. Also, powder 
particles wltb partiol-e ®±%m of 53 #-« or Xcuto or 38 #fe or 
i&sa c;an be oMarnei. hj ol^Biffleg ttess* 

[0134] 

79 



more fiaely the material alloy i» pulverised > the 
«£mnk to i.o tfee wpast ratio t«is to fee,. m& tim mtmm to 
1.0 aepeat ratio heoomee, the m&m ai§aitl.eaattr the fill 
ttmxity togiows. ftai t&e aspeet ratio is prefsrsb% 0,4 to 
1.0., »ra preferehi;f 0,5 to 1,0, misl sfcrs* prsferafeiy 0,6 to 
1,0. 

[01351 

Tk« pis mill that can te «sM etfeetiwlF to this 
emfea&imeat. is sot li^ite«i t&. the pis g$a£c mill la. whteh °t$& 
piaa are arra»g;od: mi. the &isha* Alternatively.* the pis pill 
may also toe its pisa mm®m& cfliMers . Whoa a pia sssill 
is aaea, a parser M¥isg a partible sis© atatrihstiea tliat is 
eieae to the aorxsal. d£&trtteticm ess be ehtaiBesS, the srseaa 
particle gist©- can ha adjaatoa eaaiir* ana hiat* mms 
profeati¥itF ia aehievea aOvisatageoaaiy .. 

10130] 

f®f tale eoispaaitiao is pmtMXxm) 

Tkm Ti-'Coataiainp naaoaomposit© isapaet pawner for la 
*Hm oa^poosO of: the paaaeat iaveetiea ha*? a exposition 
rapteseatea hf the aeaeral m&m&m f W»*~A} i*8~*-r»*§*8ps , where 



T is at least «. ©&&gs@&t selected £$.<m tU® gmmm &mmimtm§ 
of Co and, Bi| Q Is at least one olMOBt gel^otea from t&e 
g-ro*3$> .co&si&M&g: of 8 ai € &$& al«fs inel^feB B; R i& at 
least o?:» ra&e<- earth ete»n.t s^feBtmt.la3>ly a^I^iiag La 
€0? M i# at l&ast metal elment seieateft from the gro^p 

of Ti> Br &Ml M MS. alwaf a \ i*s$lti$$0 ft? $&d t'ha 

at%<xSao atl? £> att<Y<lS at*; SJ, afe*Ss^:i2 atl ? and 
respectively. 

4a eit&ar B Ct^roa) o^If or & ^o^MaatloB &£' B € 
(^rto), Ik atomic j>er€*ex&t-&ig.fc ratio of € to Q Is prefer 
0.2S or less, 

If tte s^ola fracrtioa a of 0 Is 10 at* or lass ami i f tfee 
ii|M #iem^htot rata .1b as Xw as .afcotat is* tC/s to about 
/a , than, it 18 <iif f lovs.lt to «ko a rapidly Bolidified Ailqy in 
-tffc&gft t&& I#e :U i: "csr3f»t«ilte^ $&m* mid mm&tmm pm®& aoe^iat, 
tu tmt om®> «ta mil net roach im mm mm wta 
B«tait ra^ialy solMlfiel alloy If: t^OTmiiy treats 



mmm^tm:* mmh* it ie diffi«it to &$%e a magnet powo&r 
having an a&peet ratio of 0.3 to L ; 0 tai aiMMtinf exoellsat 
m^giietlo pro^#rties hf adopting a relatxwlj i» roller 
s^rtaoa wioexty .&»■ a »lt spimtnf proems or a strip casting 
proofs* Ib adMtiori, a strip ®mt&&% p^oasss or -a& 
at;»i^^io^ $£Oi®93 : s ^aiHsot foa afepte& in tirat ca&e, aw 
tto^ffe: thoaa proaaBS^a »Et aaoao moat c5os*>«&£ £ *ctiv» 
teetoigpea 1b wiow melt f»acMaf M< a result:, 

the maa^fa^tariBg 00 s t of the mag^at po#€a:r risa^- 
^.i^te^tioBalljs Ob tha othar MmS, If the mole fr&o&ios* x of 
Q a^oaa&a 2h ail: , tha ve^me pareantaga of tha amorpfemis 

* £ ^atoiBf «n in the alio y that h« been liea teh and 
G^fatalli^^h, tmareaae^ Ma^^il^, tfee percMttp of tha- 
f a ptia&e, which has a higher saturation »g^atl^atio$i thaa a^f 
otsher ^stilwat |*^ :?: taww t&a re^aaenca B r feopa. 
in view of t:hase aoB^i^ratlo^, tfe. loie fraotioB x of Q &® 
preferably grafter th&B » atl b&t 20; at I or leas, mora 
:pref e«M.ar greater ttea X®. MM Imt 11 at I or ieas , iTeo more 
prefor^My, &■ is §raa tar tfeaa ill at% hot 14 at* or leas, 
Ms«a the i.»tetd borida phaae ea.o bo nuele&teh 



effielmtiy ' &&& .By cam i» i^epM la mat r«§^ it s|a«I€ 
fee &o£«& that if IS «l<^Sl« att, t&S&' 3.0 atf<^<l2 att la 
preferably satisfied, 

R la a t leas t « oleapat t o fee s e lec t a d f rom mm. gmm 

Pra£eral>Iy, S .i&eXaSes su^tantlallf no La and substantially 
aa Ca, Imaaaaa tba praaaaoa ®£ La or €o diooroaaoa t&a 
oa^raimty tba loop §f^»^es$ of tl$# dB^f^atl nation 

ca#v»x Ilowavar., thaca Is no $roMA®a of a&gr&$&»# tha maga^tia 
propartiaa if wr^ small C 5 at% or Xassl of La 

ap« Ce are Mctodedi aa iaaoitaible imparities*- ffeairef ara, tfee 
fcesM w B^feataatialIf to La lea}" or *^b.^tapti^I.ly aioiadi^g La 
fee)* tfeat fcfea ooatMt of La |€a| la att or laaa> 

101401 

Mara partlo^larlf , M praf arablf iaatatea Fr or as aa 
if$&is$*©»g&bl& ela»irc , a part loa of w&tala may be rapXaaooi with 
Wf'mA/m: Tin I f tits. »Ie fraction y of S is leas t&aa 6 at I , 
than eosifoaaa pluses bayi&g tLe mio^crystaliiim E#aa*B 
^tr^ataro:, *k| oaotriboia to aKproaaiag eoerai vttT, So aot 



cirf^tmlliE^ a^f flcl^tly as&&. a »efelty of Mf k&/m or 
iss&e r^ali^ei. Op the other ia&S* If tte mole 

fraction f of i is to or greater tli^a W at%, tMm. ttm 

p&mmt^gBB of tho iroa-te^e* feoirMea a&S wltfe 
tttsgme^fttlo properties feotfe i^mmfo*- At the tima, the 

aBticorroBiwne^B ami o^ifetiosi rtststii^ of tfca «fpet 

acMwei fey me pM«t. iiwitttoiiv For tbese raaaona, tte 
molo f rartiOB. y of t&» rare eertib: element 1 re praf era&iy I 
at I to Is^a timn 10 att 6 att to 9 , S at t ) , more 

pefsrafelf 7 itl to 9*3 art, and w pr&fera&lj B at% to 

att. 



m additive petal al«eat M M-oX^ee T,i aa ae 
lmiiapo^i§al)l.e element , and may fwtfeer iBel^da £r ini/pr Ef ., 
To aahiawi t&& abo^e-^oscrifeea effeot^, f'i. la iBM-tpeas^io , 
®» a«iti;^ fx xBereasea t&a ooerowity Sfe, res«n«os B* art. 
ma^iimm smergy preset |BHi:^ a&& toprwas loep spires 
of tl^ €e^iBStiEa:t£oB oup^, 



[01421 



If tto mole fraction %■ of the ^otol eie»Bt M wBra leas 
tliap 0 ,5 «*%., t$m- ibove effeots not fee acMwd 

folly « ttoife T£ ±» Wmm?m^mm« If the mole 

fe^tf on z of tme met al stent M e^eeM 12 at I , mm 

thm alloy mat W» liM booted and €CfstalM^e€, 
i^roa^ sag fcfee B* bMM. easilyo m ?;» of 

Hep o^MiMtoi, tie mole f:»eti<m * of &fea Metal. alaaeBt 
M is preferably 0,5 ett to 12 atl> Tbe l«r limit of a more 
pi^ie«fel^ & rar^e is 1 ,§ afe% a&ci tto& upper limit tbereof 1b 
B vO ait-ll fhe upper limit: of an even more prof Arabia $ xjgnge 
la 6-,S at% , 
[6143] 

the Mf&er tlia lote fraction x of Q, tfte more 
lively %3m a»rptoiiB phm^ea iBcle^iBg Q (e*g«* 1| are formal* 
For that reason , tba ssole freefioe * of t&e me tel. element M 
i& preferably set relatively Mfh., ffeex*., sotfc magootie iroo- 
be^e<S borl^es wlto feigli mageetl^atioe oae ba oe area ted aod 
tl*e gmim ptftfe of toe iren-feese^ bori^s p^ed^ca^ fee 
:^ieimi^ei. Mora par t tool arlj:, tbo rospeotlve mole fraction 



are- p»fe:m^lf ^Ij^steil bo as to aati^fy ^ ^ 

It Bhotiia be :&0:t^4 tfeit tfee: metal elemaet M always 
ft aa m inms^mBm^lB ®:immmt because T± per£o«s 
partiCTlarly tee»&oial actim^> In tMi case, toe £ atomic 1 
ratio f i to tie owral-i metal .^le^ots M la pref eraMf at 
least 70% y pore prefe^ablY tSi or more, 

flie balance of tha material alloy, other tlma t&& 
elements aeearibeS a!>om, may &e Fa alo*ie< M,t6ri^t£wlY f at 
least one traositioo metal ais^ont T v ^aMoMi from tfee proep 
0apsi.m-t:ing of Co Mi, $my ' ^ 0^^tl«te<S for a portion of 

F*< tec&eae tm IW magnetic properties are 

1b t&afc z&m alM>. |o#w> if m:e mm 5:0% of Fe 
io replaced with $ i&*e*.< M>0ti|, theh a high BMiiss 1^ of 
Ov? T or moxB 0aBB0t tee. realised , For that raasaB, the 
percentage of Fe replaced is praf ^rablf $:rom m Id 501 f ±*a, ., 
iSmSo.S). Meo, !>f ^^stitetifig Co for a portion of Fa, the 
loop ^n^ai^aeaa of the femapieti^atioe eorw improves arf Ite 



Curia temperature of tha E^F ; e^B : g>hase i^cre&aes , tfeas 
incsx^a^iB§ tlia t.ha&m&l xm& 1 st aiK? e * Ths p^ro^rrt^ga o£ ? Fe that;, 
is replacaafela with Co 3L* p^efaratoly to 401, th* 

»tttiftet£& piroperti^- ^re »t &f£»t^€ w!m« Si, cu, 

Ms, Ft, Fh, V., C-&\ .Mb* m «ad/<ar. W ire i^Xuaaia at a 

?8i» p^qtotage. However, Its mole traction is 
pr^far#fely 2 at% or less, 

It^reiBafter, tha o^iamticm reM.sta&ae of fte f±~ 
oorst^inijig r^nocorcpossite xri^gn-et ponder for ose In the compound 
for a rare- earth feoii4ed. m&fBet according to tea present 
Im^itoB wiii: be ^ascribed to Camparis cm with a. ooawatiost&l 

X& the follcwino description, -tiafc Ti-cantaini^g 
MTOipoMk m&ps&t ptte will he with coiwa^tlonal 

ragMly solMiflea ;«t powders and HQF*D (cash of 

which is available fr« MagH^a^ofe. .fee* (WSflJ ami Um a 
am^iM particle si&e of 300 fi m or lass ) > & aampla of tfeo 



tl-mmt&ta&lmg tm&<*s^p&&X%& magnet powder prepared i,a ti» 
maaaar , 

Firat, a rapidly solldifiea alloy ite^Mtog S at% of .», 
XI &t% of 8* 3 &k% of ft* I at% of €o « thm hmmmm 

mm& fim±m mmmm mi^kmmB- TO tt m mt& a &&m$m& 
^e^iatioa & of 13 Mm) feliat Is&a. baea made aa la ®t«fM 1 to 
be ^s^ribaa later was p:iXawised to «S8 Mi or lass. Thai* , 
tl» rea^ltaat p^ite iaa fad at a rate of ii g/mia 1m to a hoop 
belt furnace Mrfig a aoakiagr zmm wiM% a .Umgtii of a&cmt S00 
mi aad raaatag at a belt faeMag spaea of 1W tftlia aa 

argoa ntmcMjBfam- that a t«peratura ^alatalaag at $30 *G> 

la Ills «Mir, t$m pcm®r wm tfewftKUy tmmm to mka a 
magaat p^&r, f&«, mm m&mk pomtex ^aa palwri^et! aefag 
t&a pin. a t ait mill deaaaifeed a too so as to fea^a a partteia 
&±*m M&t$:;&lmtMm Mi ^fLiofe pa^ar partioi.es with aapaot ^atioa 
of 14 to L0 war a xaal-aaad at 3-i voXame par a sat, & >P i ~ 

aoa taiaiag aaaoec^posi t a ma^ae t powSer ma&X* SCP*- 0 wens 
afetaiaaii la this iMiaar, 
1 0.X49.] 



TmklB 1 allows ttia GOBtMtE of wfg&B and tile mgaabia 
pro^x'tieg of t&a rsapeati:^ iipt powcfcr:^ tMt war a left ix* 

air for an Boar at ^ario^ss t«pexat^a;s , 23 *'C , 

3 i:0S- 350 *C } * l&e &&<pi&ti<2 propert ies 8*&&g\ire& 

a. Tlhratlag $m$m%®^t&£* fie results in. fable 1 

ware obtained not csnly at 23. N C bsst also aft er the p&w<lsr# Mai 
haan left In the air for an boor at :M& tl and BSC) : C , 

i:6i5.0] 

As sIomj in. ^able I , when MQP -B- was laft in, tfe& air .fear 
an Mow at 300 tiie §ifp^ c^taipM thareia l»o£ea&«& to 

0.6? mana if tl» Bowaer i« left la the air far aa 

feaar .at 3 SO tha a^gan c^t atvt raaal»*l 1,13 mas a % > Qm 

nm ®mm- mm&> wlmn mm~€> ®m left la tfe» air for a& hoar at 
300 ti, the axygea contained therein increased to 0,24 mas a t. 
tod If the newSar M@f - 0 was left la tne aix far an. hoar at 
3$0 tha a^fgan. anataat: raachea 0> §9 maas l > 

18151- J 

In contract, avea if the la- containing nanacompoaitn 



mmmt p«tr MSF-Q lef t 1b ll» six for m Umz at 3«.8 : C , 
tte ok^^. co^tatesd: tMs»im low as CI , 10 ma^e i, 

mi if thj* pm^m m^-B warn Imtt in t&e air for art hour at 
I "0 , lie sijim extant barely reaobsd 0 ,28 -mm-®; ftas > 

it :C:Mi be that t&a ^a^oeo^poaite magnet powder ia 

BoXl#ifia^ m&gsset powder a, 

FIG, t ®h<&®& t!m imc^^^e. p^ir^exstage^ of itie 

raepaotlve «§Bat powiara that were m#a : sux : Ml wlfcfe a. 
t^»^mabalaBO0 y Ttese po^&«& wara fee&teit in tts.& air at a 
fee^t;;te<| rata of 10 x G/miii, As can be saan from FIS. f , 
whe& baatM in the aix atiS the Ti-co^ta;ipiHg 

B^oc^p^^it^ «p^t pcsMleit MSF~6 iB^wi it a far 
tkasi MQF-B or MSJP-O the eaB:0£?o^po&ite ma§Bat 

[0153] 

rie^t, looking at th«t mag netic -^rojM&rtl^a. shown in fable 1 , 
it be seen; tHat HSF-B ^MMtM s.i§B:if .ica^tly . deteriorated 



maiioBtic properties when For e.m«pl.e., when the 

•mapxet powder MQF-B left M tim air for am at 390 % r 

{BBW* tfeer«f fedraasad to a!>o^t 6St Of that of fefee powder 
ttal mm* left -t&e air f ox « Sw*r at 23 *C to^ af ter 
the mp#t pc«Mr WP-B l&m Ifcft la ttm air tor am teer 

at V* C«W thereof iMcmmm to aho^t Ml, Ib for tM 

mag&et po^iar Mip~0, it was loft la the air f^r M^.r 

at 350 t£« |;Sg|^ : thereof iacreasect to lam t&an aoo^t SSI of 
that of the powder that had been loft in. the air for aa hour 
at 23 "Cl to contrast ;f - ever: if tim 1^1 -ooBtalBlBg oaBoeo^osIte 
maggot .poster w lef t 1b the air for a& hour at 310 tl, 

(BS)^. thereof feoreaaeh to afeoat 9.G* of that of tha pwaar 

that had bean left 1b, the <a.ir «r ^ .te at 23 

&a cm be ao«, the ti-ooataiming oa^ooo^poBito ^agi>et 
powdor mfo±K±t& mzmimnt onimtton xm^msm* mms* woa 
while a hcmSasi magnet la groaisaetl ffeom th&& m&f&et ponder 
Ca< g, , Mii.le a compound: is haiag praparea: m&f&r thermally 
eurml), the aafpet po^cfer is mot oxidicea easily, fe^orti^glf , 
tfe antioiorrosioa treat^^t, which is aeeaaaarf for 



conventional raplIlY solidified M|i^t po^oor {e>g, , MQF-B, l& 

<mm tm mtm0,i£:imf; or ^va&rs oMtted for the ii.-ea^tatoi:pg 
naB:OComposit:e magaet pomter. Also, w&eB ttai oori^e^tlo«l 
mpi&ly soiiaif m&g»t poml&r la pei. tte iipM powder 
should- be he&tott aM cpresS mtfedis a M« or asi l^srt ga.s 
at^&phare fe*g, , Ar §&s| && as smt to ■ ©&$d&£§i&* Bowser, 
tfiii: f i- contain iBf B^O:oompo:site pp$t porter maj bo l»ata<t 
ami ousrect .owo la «b* air* that is to s&y* fey lus&gig the $3> 

of a feo^*ts<3 magnet can l>s Himpllf laS asid tha 

mtmmttmm. T&pmXf' B$tMt£M& mm^t powder 1m? 
o^iaetlo^ leBistiaae to fee ipiiei to making .an i^jBotioB- 
taM iigpt &y perf omte§ %m process stop of 
eo^po^Bal^g the powder witfe a r^-In bandar or m>I#i0g tfee 
mixture at m tm^mmtum of about 250 X to afeo^t 300 *C « 1b 
ooxstrost :,. by using tMs Ti~containiBg ^aBooo^OBite m^p^ft 
poster , a booked m&gnot oaB be fomM fey performing an. 
iB 3 actios M0l i.tef proofs? oss a o«p^ifi tB^loilag tlxe «^Bet 



aB<l/or tfeo oo«eeti«al ^anoc^^posit^ mafaa!:: powifer la. 
utei, tfee magnet powder prof arafely hm its mixing ratio 
odjoats^ M. jraraft. a a# to. tove &n o^gea coat a at of 3&gg 

t&m. 0v34 mass % own af t or the pooler fes boao lof t in the 
air for an .tax at o taa^aratore of 3#« ; C to 3 SO *C to fol.I;F 
aoMevo tM baeafioial of foots teoagkt sfi&at by the* o^oolla^t 
o^MatioB- re 3 la t amoo of tM.^ f 1 - con: t oi a I o f a anao «po a i,ta 
asagoa t po#fe£ ., Mora praf er&fely , ttie magoat powcior Miotal.fi be 
pregarod to hmm mi tmj§^ content of 0,2 maaa t or leas la 
BMofe a M;taot loo . Cots:S:|:ter.iB§ : t&o m&piet ±.o proper t Mb 
r^^i^oa for feiW mg&&C$ for oarioaB tfpm. of rot&tM^ 
or ^oteatoxa, for t»- m^oootio pro|>ertlo^ of 

a. »iBet pomlar ^itafeij applloablo to tooso ao^oao^s for 
feaoclaS magoeta pref erably iaciado B~ of 0,7 T or moro, CTO«*x 
of .8:8 m more sm& of 600 kA/m or more in tfee &xs«* If 

tMe m&goet fwte tola o^i&atioa roaiataaoa 1b ^bM, 

t&$&& sss&g&sti© properties are reali falls ovea fhaogfct tfee 
PP^t pawnor ia s&ightigr tm$&±m& Millie a cm$mm& ao*t a 



OoadOd mmmmt are being proaaaody 
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Tim T±~c®n&®$M&Mg &mimi*mp&%&%® mmgfy&t pawner for bss la 
tfe* oompauad of fcaa sr«»| iawataoa is ©Baracteari^^. lis that 
the ; m^B#ti<3 proportiea m®m®£ .XiftittF m®m& o®. th» particle 
&%m too t® its composition aM structural faataras, f& ft* 
Wt«48|if *wipfm®mZZ* m§mt. pmiMm iasliiM a raas-aartli 
elawt S ill ret^tiwly low »l*s fraction <m&. hm.: m E«r.icte 
grata hootoarf ptesas> Is oaai.ti.oo, fiae cryatal graios of a 
feortdo: pimm are disperaM «ouai ao %F%*B paosa., 



A^Hm^m Menhir: Zm.l-SmiS 



Wmttkmmamm , siaoo fi hm a sifts affinity for tsorem, fi*e 
feorifie plwm& irmlmMiB a greats amosBi of Ti fclaaa m>Y otl»r 
C:aa:te^se^tlj, tM fl-eostoiaiag ®mw$ms$@&kti® mmm»t 
pmmr tm mm^m m miMtXm. £®BXmm&e to eoswstiona]. 
rabidly solidified. istfMi powers*. 
{01571 

Bi« mm?®**tXm®l rupim® solidified ssssgis&C p&M^T 
im&ln^B a. reiati^slf Xmg® mmmt of rweH&writ* el^es^i 1 *sm 
is wiif cixiiisifeis, Thm, tt» mmllmr tlm .six® of gowfer 

tl^^of deteriorate ®m to tte ©&:i&&t z&si of me pmm^ 
particles at tbe m%£m&* Fc*r a^&MpIe, in MQP-B {with a 
mxximm. p&rtioie s-i-jg© of 300 $ m or lass) , powder partialis 
with &i&g&g of 75 fl m or le:^ { or S3 f£ m or less, in 

ik» la Table 2, For ««ple, «fett fw» (CK7t T| of 
powa^t particles with alftm of S3 or la^a less tSms* 

Ml of the Mgtot r«^eiic5e (0,30 T) psmfer partial^ 
with of greater thaa 125 .$£■ m aM ecp&l. to or smaller 

tters ISO ai, for ti» C&tlW of ^wtter 



pa.rtielas will atase* of S3 Ml or less ii,a., a a^e 
betwaaa (BMW o£ p^te particle a «iti* tfl*** of 3-8 
imm. mui mat. of p^ler paxtiolea with Mms of greater 



38 aad to or smaller than S3 $& ml was SB ,5 

Thla value was less than 7:5% of the average (SB)^ (1.1 4 ,6 
■kJ/a**) of pooler partiolaa witfe. of greater tfcak %M Mi, 

ami to or aaaller tha& 212 &m U*o., a simple 

t»twaa CBH}^. of parfiel#s with -tfim greater 

IS© §&.m aac! miOTl to or seller than £80 ; tm and that of 
pawner particles with aires of greater tliaa 100 4 » egMl. 
to or tfsa& 2:12 Mi] , 

10 IS SI 

IB eoatraat, the magaetic propertlee of the Tl -oooteiaing 
Basioao^oalte itpa t pwisr det^xiorate to a leaser fee 
to o^islatioo aii# do not <tape&€l on tha par tiole ao heavily. 

For scampi. a, ia the a&oooo^oarte magmet powder (with a 

Maximum particle alia of 300 |ii or iesa) , the magnetic 
prapartiea barilf depaad the partiela aai. are 

g^aeralij «oalle^t aa M»Mt 1b ^afele 3, For &&m%$X®> Wm 
Br (ahoat © + -S29 f) of powier partielaa with aires of 



53 ft*, or Umm. %mm m% or s^ra of tM kig&eat raa»cs 1, 
!i.84S f ) of gowSor particles w«& si&ss of greater tfeM 10 § 
J^m Mtl aspta! to or smaller IMm 123 Hm* As f or |BH).^, ttse 
average (MW Of p*«r partioles with .sl^' of S3 i&m or 
w an w set or of tt>e 

average CSl)^ C|0§*S kJ/m 5 ) of powS^r particles with bI^&s of 
greater tUm ISO #m ami. «mi to or smaller than 212 

CiOptainiBg ^^rio<jomposlta: magna t powders with \mr isms 

sIMlar mMer. .&« m rmxxlts to mort of the ao^ositions, tfea 
average IBlli^ of Baoooo^po^ite ^aipset poster partiolea wttfe 
of S3 lti « itss w&&? SOt or mora of the awap (PB:), : ^ 
of powtler part iota a with alraa of groat ar ttmtb ISO aa4 
e#mX to or amallar tH&n 212 «^ in many of ttso 

coif>oBitioaa ;? i%a forma r illl)^ 95% or imi of tfefe lattar 
|BM| : ^s- partlcio s&aw. €i^trioatio;n of the wg^iot pow<iar 

to aatlmated usieg a staa<lar£l sieve oo^liant wltli .ITS m&%* 



(Table 21 
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351 , 16 
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33,44 


844,64 


0,300 



;4s can be tlm Ti-ooatalBiB.g ^aBOo«pos$ite lapBt 

gamier axlxl^it^ properties tbat at least 

O0m|>mrafela to, or better than, tlkssm of the ao^vsEtioBal 

r&p&aiy ^oi£Sifle# mgpet gew&srs* Thus , tMi naEO^^^oaite 
magnet pw&r siay ba issett as a ma§net p^ler s>£ a eo^po^i for 
a raxB-eartii 1^siSs3& i&g^t i&stsa$ of th§ com^ttoal. r&pl&ly 
sol. Mlf imi nmgimt powder ( e , 3 , , MQ powder ) , #^ifeeOTk*re , 
vtrims oompom^s with exoail^nt pr opart lea fespri&ed msmm 
aim hm mmm fey the fi-^^t^iisMi naBea^p^alte ^apset 



powder. Islat^r^liT, ^ ^agnat powcier for a ho&dmt Mpet m&f 

powder alooo* Slowa^er, sig^if leapt effeeta are also 

ac&l^wfele e^ea wfc&n not all ®£ tfee MQ pwte but osiy- 
pactl^lea with sisals of S3 or leas are repl&oao witfe ilia 

Hereinafter, it. will be <3eecn£l.be4 fey way of the 
e^perimeiit^I remits 'hem tim fill fesi&iiy is iMp;ro¥e# 
aiM^g f iae po^Ser par tiol^^ witfe sise^ of S3 # m or lm» or 
with ^i^i of 38 to or lass. 

[01 S3 1 

First , naBoa«poait^ r^g&et powier ^«pl^s NOP - 1. ttaoogilx 
M€F~S s?J.tri «ri0^ particle dl:strifeotioD.:s as stem In 

Table 4 w« prepared. Tfee Mpet gc^fer fJ€F- w X wes ma.Cle- by 
g^.tt'tog. t£m material, allof thereof pul&&&&&&& oy a power mill 
using a. 0*3 m# saresm, ^He the ot&sxr m&gp&t pwSari M€JP»2 
t&r^pi MCP-S were fey .rotating the pin mill at 3 ¥ 0#O rpm, 

4,0.00 rpm aod 5,000 r|>m y ra^pactivelf. The tap aea«ties of 



timm tmgimz p»iar mmplm PCf -l t&roug& ii€F-S as 
with a. tap d^tmer aro -pfeasm in Table 5, in. wEich the 
pe:r«^ta.ge of |K?mfer particles with aims of 63 Mm or leas 
« : tfee mams pem^^taga of p^r partialis witfe »&«** of 
g^ptiet tteB 2S# )*w ara al&o f or ea&ti of tt» mageet 

powder sampler, 
I 0X84-1 

oar* be sesiv from tha revolt ^ afK>wo la Table 5, tto 
mms&m HCF3, HCF4 « ..IS5P5 IiioWili partiolas with alsea of 
S3 ilm or lass . at alont 10 m % ar more .(More aiaotly SU5 
maaa % or mora) ha^o tap densities of 4.3 g/OM* or mora* $toxpt, 
tgrase »ptt powier -8&$pXe$ to «6^3Ll^ftt fill 
Qa^erallf apaaMj*g, the fill <laHSitj af a lapet pow&ax as 
walmtea fey tb& t.a:^ fema.ltj thereof co^ralatea to the fill 
daasity of a coo$&ui%& po^Mer for a kMM magnet, flat ia to 
frpt? , if & $m$p&m& powder is prepared as lag a maggot powder 
with a m$fa f ill ieasitr, the pokier also has a 

high fill <leaeit^ Aoc^rcUBglf-, wh^p a magnet pwte, 
iocla^iag 10 .imm % or more of Baaocompoatta maoaet poofter 
particias with of 53 Mm or loss, is ta&edU a OMpoad 



pwler fcsr a fco»<t®d spset axMM.ts impxw®^ fill ties s it y 
flwaMiltf » As a -xsfitstalt»- e s^p&ot of quality i« olMsei. 

I mm j 
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Furt&arpD^, to iBer&ass fc&fc aomp^ct density, the magnet 

pts or leBs, f i-eoj:itaiBlB : g Ban:0:C«posite magnet, gawdera MCF~ 
II tto^* *fOP~i* «»| t&6 p&rtiele size alstrlB^tlos^ 
mmm in : Ta'bIe 6 w^fB prepares then mi^ea witJi 2 mm® t 

of epa>w re^iB to «te irem^-et.i.va compo^mfe* flsee,, iim 
respective atm^xmgte wars pressal &&4t oompaatB^ at a 

comp&ets for a iKmfel magaet. TM -a^msit&ea of tfee 
raspeatlve ca^p&ota for a assist and the miM 

jsercssnt&g&s of powder partial^ with ®±%m of 38 or loss 
tf*e togxset powlers for tlxe ra^peettva an sliom iss 
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As can t>® from FIG, 10 ,. tlia ferity of a compact 

aecireas^a w&eri tM mass p^r^e^tage of ^ow#er partlclea wltfe 
sites of Si Mm or l«s l.s t« l&v oc too ma p#«t 

«gnot powder,, including powier particles with a is as of 38 ats 



or lass at afe^t 8 % or more. Is iwefeably usM to 



aekiow a stiff iale^tlf M-ft* compact fensity. It : S:tetilfl. fee 
T*oto&, lioiepr, that It a magnet powder used includes* pansier 
pa.rtic5l.aa ^itb of 38 /bag or lass at mare ttet atecmt 16 

S'Sty> a pi&litj CJ0ppa<st of a kigfe dao^ity oa&POt be ol>tai^e€. 

relationship b*rt«oa tba part/lele of a magnet; 

.|N^a«t aM the eo^mMlltf m» aoocrihod wis re»at 

to a to bo oo^pactadv mmmm, the %%mm M^tmmt &m 

aim® appllo^&le to oompoimd to- be compacted fey assy othesr 
taatoi<|Ma suofe &s i^jeotion ^oldiBg or MtOTton. i&Miag, 

l^thog;^ for produoiog eotiom^ ami ma grotto bo.stfj 

A m^-gsiet pow&as? for a bomtad magaot, i^lmllBg tfeo T&~ 
-£08:t-$l&&&g Ea^ocompottt^ magnet powder dBscribea afeow, is 
ooispo^oSad: witts a binder of a resio y f or a^»pla , ttei^fey 
prod^oini a s0i|pooM for a boMfed »pst, 

I SI 72] 

h com^mmM to bo tojootxon imldea is- pro^eco^ by 



eo^P<>w<liBf the magB^t powder with a. t^exwoplaatic res 1b 
utti$0 a M« feeaSi;a|| is&^£»© gucl* as a KMadsr or an 
e^t^ular, tto rtfeer a to be ao^aotasl la 

pr^a^c^a fey ixi&g&ns tfe& m&pMt pew&ar with a thermosetting 
»s« y Mas !>&ea €ilute;4 «rlt& a eol^ent, an.S thBn 

xraa^i&g Mimt from tfee mixture, If accessary , the 

resultant ma^Bttt p^r-Mii mi^t^re -Xa ^i^i^te.gratetl to a 
|3:ma^ta»iB^a part tola Bi&e* By adj^stiag ttM* 4:i0inte§rating 
.a&& oth&r ooiaitioit, t&& ml^tora ma;^ fee f^o^sci imto. 
graiwlat.ad pwler, Also, tM* poster material, mac^ fey the 
pal^erl.:sa tlon. pre^a&s may be g»mla±ei, too . 
£.0 173] 

To improve tfe-a .^tio'arroslWTO.^ of the magnet iwwdar, 
the m&gae-t pawner ha^e- its 'ms&if&£& txeat^4 l>y a: kncwa 

praeeea £.&*3** oai^erBiOB oeiti^f gro^a ) ±m a^&noa. also , 
to furt&er Impro^?^ t:ae antioorrosl^ei^as^ of tfee m&gMt :pow<!&x: y 
flie, wettability of tte iipet p«« with ttt msii* tM the 
oa^paetibllitf of tlie eo»o»3, any of vaxlm^ aoopllag 
agaBts, iBela^ing silane, titaaate, alwiM'tf aad ^iroo^ata 
agents , is preterablf , M.#o « ceramic ml tra - f ii» 
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particles of silica or a i^brioaat sim?& &b 

stearate or a&l&lem staaLrate may be u&aqL Fmr f .temor a .,. 

tM«l a tab 11 i Ear, fl^e retaxdffiit or pla^tl-ci^er miy also t>e 

A cc^poMfi f or a mapst may t>f m^J^edi by sa&y of Mi« 
»i#ieg- mat&0<l^ may be uss<! Jai any of Burner 

applications, $&&s> fepeati^a- o& the t^temlM. application, 
tfee type -o:f the reei^ bisifer the compomdiisg ratio of tim 

ma^smt powder may fes d&fc&o&teed appropriately* Exampies of 
resins i£ioXt$&& t!MCT«$-ti^f realns such es #p«y , 

poly^l^a |lBclij<ii^g nylaii 6 §• ,< nylo.ii 6 nylon 11), 

poly^tfeyle^e, palypropFi^^^ , poiy^i^yl aioriie, polyester 
polypJieByieee sulfide, rufetmrB or elastomers ana. aeBatureS, 
eopolymars and mi&tOTee tlmra^f , Jax p^rtxo^lax , c©ssp©m$ft- qaa 
be i^ade relatively .fc&g&Xy by uainp Mg^MeXtlag renins witii 
softe^l^g point e of ISO : C or more (e. g< . * nyloe. 6 m& 
polypb^Fie^e sulfide), w&iah feeea aiffiotilt to use at an 

l^festrxal scale * 



10175! 

$ottg*r ±» bsu»$ , ttee coifaot ib II 1 ty £Xm?milxtj m 

&e$& iiffi^ilt £© usa la tb.e prior art, 'mgy also be pMdL 
FirtMmsre, t$&$ magnet pokier is &ot €&$M&%&fal& easily \ 
TtmB , him - temperature resima f g * , , Xi^oiS 

ersrstal polf^ara -emo; bt§b ^oleeul^ pol^^r&l , 

wkiob wnat bo uso<t m the prior -art stao to their itigti 
melting or soft^Biag potets x mmw also bo -tas^S, hn a r«It y 
t&e* properties of tfee roeolt&nt banded: magaet {o,§, , tber^l. 
r&oiata^ea tberaotl improve, ttso, a; tbarmMattio-g reaim tliat 
c^res at a higter temperature tts«pa tbe prior art fee ^el, 

too < 

10176 j 

aa of p r & £ errai f o ctiIb § t &$h& igmsa l$*c IMe 
c«paat in g f roll i^g ., o alea^^r ia§ , ex truclia g asftd la j action 
molding * M*ong tbs.se fowiiig teclmtcfues * the compound coo be 
formed only to a raia timely simple shape aceor&i&g to the 



&mmmzzijig y rolM&g or as&t reeling teafe^icj^e. In thoTO 
tt^MLlcp^ , k^vir , the co^oimcl doa& 00 fe ha^o t# »hm? . TO 
fe&gfc a fIo^l>iiltY torlag the £ormiag : prooa^s. film # th& 
maaaat ma .teoM^ to. $&♦ o^ptil at a 

perao&t&^e ,, StBao t&fe compoaa*!. of tli& present iowptiaa 
ip:ql^<|e^ the f i -eo^t alniBg aa^o^o^poaite «gs*et powder , tfea 
pagp^t pawner psaraoBt^go be In^rsasad to more than SOI , 

tor sample, ^ic?h ia mscsi* klffe^r tbaa fefeat affiievea fey a 
ocm^aBtional taaSmlqaa, and also roaeb as M.f& about 

90% at the Hoover, M tfea mapvat po^aor pereeatage 

la i.Ea:ra&aM tbea tMe mala t>in#ar for blodlag 

t&o mapaet p&*m& BmtimMB tmmmm: tightif aooa§b mim* be 

.la an. iBB^ff icieat; ammmt, fftu$. possibly €em:eaB.t^:g £ho 

tteae mmpn&* the mprnt powder : peroaata§^ i.a praf erafely at 
most SSI: , Alaa, wfeara the c«|»<! of the pxeaeat lE^e^tlaa 
comBaotea, ti*« total, vqltssse of voiabs- -£&m&& an the sarE&oe 
of feba ras^ltaat ao^paot oars bo rotlocasL to a romslt, a 
ooatl : a§ to be fops&st oa felia surface of too aomj^ai if 
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nm&mmpw fto* BerloaalY affected. 

fhe p^asaBt invention ^rovMet a com^omHl with- g$o& 
ll.:Diafeiiitf> tor«Bflf, «l a capal, cm tee l&JeetiorS" 
effectively e^gH, M$o f the composed, can he roXtodl 
iato a snaps, which Ms MM icult to realise whea 

a cipoiS -ineX^lsg t&a eo^^e^tional rapidly ^oililiiail 
iipst powSar is uaeh, Jileo, tM mpat powaer cars he 
o«p0«ie^ at a higher percentaf^ fi.,g, , greater ttMm 
tftar* tka conventional compound. , thus improving the ma.gnet.la 
p^^s^ties of the resuXt^at magnet hodf * F^rttewp, tim 
ODptpi^i^g mm^comp^Bite magnet powder i&ss&iid&cl in t&e 
aoMpomi# of the fraamt inveatimx has sssscselXsat 
^Mt4oo^os:twae#0.* for that reasoa, ewa if the oompo^a# is 
iT^^ctio^-moiSea at a relatival^ high temperature with a 
thermoplastic re^im « elastomer with a relaM.wlp high 
softeniBg point, the rea^ltaBt magmetio propertied will Bet 
■deteriorate- It shraia fee rotaM that <!epanMng on the 
iot^h^ea: application, the anrfaoe of the honSaa mpiet is 
prefaxahly eomre€ fllfe a eoatinp fef a reain coating tsr a 



plat ing tseifei#3B * 

l applioatl a^s q£ feo^dad magnet 1 

iy? <lBaoribrf. iMs, tka coi^mmd f or a baa<|aa 

mag-aat hass hlgftar fill &OB$ity Cor compact ifeil 1 ty) and 
tlies^al r^aiata^ca as oo^:para*t to a o^gMl a 
mmmtX$m$& npMlf soiMiftad m&e^et powfer (e>0, , H^-B 
produced by Magae^eaefe lao/) * Thua v?Mn tfee compound of 
tfe« present iiwe,^ti^ri la a boated magnet, e^fei^ItlBg 

exeell^Bt atft®ad&Jpa proper ties tfe&t are at least co^&r&M# to. 
or e^a:n fee t t ar than, t &oss of a baada^ is*agaat macla f rom tlia 
^.^eeti^toi ra:piii:f solititiesl magnet powder, cm fea £*>£»»3L 

fiml wrio^ applieatioa^ effectively < 
101791 

Harelaaftar. aa application of the boshed magaet to a 
stepping motox will be doaari&a3 mm rafers^aa to FIG, II. 

FIf * 11 is aa a^plo^aS fmrmpaetio-a fiw sckamatloallx 
illustrating taa oa^str^£;tioB of a atapplag motor 1$Q 

m 



l&ciiiii&g a. permanent t»g«t rotor. *fto &rt#ppi^§ motor U# 
includes- a rotor lil a stator portion %&% ttet s^rrapit^B 

tfee rotor .i»X* fea rotor ISI iiiolmla^ m^g^ets t&at 

iMwe fe&$*s uni£o2>Bif mag^tissaS at IS poles a«>o&<I its c«ar 
ciroe^er^Bao witfc am ootot aiiaiaetar of S ffeo stater 

portion i^olodoo; ooter foke& Kit ani. i.§.ll> : ? tm> Iwr 

^ofes 103 that Maw bonded to tfea feaakB of tlie OHt^r 

m& mm i^mmm®® *m%mm m& zmmz tmm m$* mis smmkm 

motor 3M iff a ^^M : kl ss I«~t^po mo tor % In wfeiafe t&e 

rotor 101 Mspiaoo<l by one stop apgla 'fey the m^gB^to^ti^m 
force of too ^og^otlsiiog eoila i#4& aad t®4te tttat oorraapoBsis 
to ooe psl&e «rranfc. 
1 0.1 8 01 

T$i© .feoMel, tepsets i^ol:atl#i in the rotor 191 are fe«S 
by o^i^g tlm oompooriO of tho px®&&xkt iB^OBtiOB witfe t&o 
o^colloat fill mm&tj (or oo^aotibMItYl > f^P, the bonded 
maggots exhibit e^oelloot magnetic properties that are at 
Xe&Bt comparafela to, or wan better tfeasu tttose of 
magmots iMe from tft® ooo^'0^tioo.al ropiOilf Bol.iai.fiod. magnet 



pmw&m* in. mmiMiMB, tkm® fettftteA wgpets also msxs&X in 
m^mlmt properties ( a * § , , mmh Xm$ Xi&ely : chip J , ttms 

m^px^B- also gao€ tlwl rasistaBca > 

I MSI 1 

A stepping »tar iao l oci log mieli «§met^ made from 

tfea a^pp0pa<! of tlie present An^eptiom Ae a feigh-p^rfoi»:paa 
motor of a small aiie tliat Baft ioia&t reiiaibiii.tj> 

ftess, sucsfe a. v^teppimi Motox: -ess* be used ef f^et.A^sly 1b, am 
of f ice aulo«tiffl appllaace as a. printer or a disc drive ■« 

a c»ii, or ao a^Mio^iaual appliaaee Including a c»c«&r * 

ffes rotor |S1 may be pro&^eact -by any of various methods . 
For «ampia f tho rotor Ifl fee formal by cm^aotlat a 

compound xncimAAng a thax^oasttlog reaio. or by imjeotioB- 
molding or #^:t;rmlAaf a eomgotHid iBclo&tag a. thermoplastic 
resin * Here:ia&£ ter : r a method f or pro^aoing the rotor 101 
will fee aBSoribad witfe raferaBoe to FIG. 12, 

1 0-18:3 J 

.113 
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For example , where a compound iBclu^ing, a t Marmoset ting 
renin a binder is used, mtor I® iwo to Fid, 

including a bonded magnet as its integral part , can he 
produced through ths compacting process steps shown In FXOS, 
1 2 f, a | through 12{e) « 

ftie rotor 200 shown in Fl-G. 12(d) inol/udee a rotor shaft 
20S> a f oke 208 surrounding the shaf t 20$* a bonded magnet 

aiOv : fhe bonded magnet 2M is adhered to t.te ssrlact Ell of 
tb.e yoke 2 OS. 

[01 051 

The rotor 200 ssay be produced, by the manufacturing 
prooess stap^ sfes^n in FIGS, 12 (a) through 12 Co), 

First, as shown in FIG, 12(a), while a feeder te 2« 
containing a ponder compound 201 is being slid on the upper 
surface of a die 204, a cavity 202 is filled with the compound 
201. 2&e joke 2#S , inoiotding the rotor shaft 205 fitted In 
tightly at the center thereof, has been inserted into the die 



a. t^mparat^re , f&# curing t^¥«m^ an.<I time 

maf !» aitOTitil ^p^priatal^ amordiBg to tfce type of t»e 

T&e o^mpotmct of present itfvtotlo&i ii^l^das the 

magnat powder witii s&e&IIaBt thermal apit fea 

cBr^ eff eot-lwlY at a tilgtmr temperature tli&m t£» 
co^^^tlo^al. c«po^m : d. &c0orSi?)0l-y, the feo&tf&d, »gmet SIS 
p^fecM Im t&ia wmar a^felfeilt^ gmeh- better ttee«ai 
ra^±a:tanaa, ma^apiqal propertied and aShesi^s strength time. 
tim ao&v^t&cm&l o&es, FortJisrm^ra, la tfes o&mpou&tl of the 
p»a^ .ijwa^tlon, tXm m&g&efe pawfer it naif has e^oella^t 
a^tiasrrosi^ena^s < ffcxwv &wcm .if £&& thar^oBstti^g process 
la o&rriea out la fc&© air, t!» taat mapiet prc#ex:t:ies 

deteriorate OBiy ai;i<|htlf , Sat 1^ to saj, t&are is no »et$ 
to. oiixf oot the t&8OT0&&ttl**<| process in i&erfc atmosp^are, 
thus c$uttiBg aoMi process aost afeanta^ea^sl^. 

[01911 

■i-M. 



feeorclimg to tlit a^paoti^^ method, iMle the rlaf- 
shaped bonded magnet 210 is feftef f»ed, tfe.e- wgsmt 
310 can fee &o&ia& with the yoka l#i and rotor sfeaft 2&-S 
together. Thus, the rotor 1# oa.E fee- prodooecl at a feiffe 
prefect ivit.y * 

In the e^apple d&&^il?e§ *ow, the pwfer compact 
mmmM after having- bean mioai;e<I fro^ Ms 2Q-4 N 

MterBati^elf ■, tha ecmipact ^ay be c^rea to. fete die 2M by 
providing a heating ^omniam for tke die 204 > mat is to say, 
tfea c<mpowa mar fee oared while he tog pressed, For tl»ao=re ■> 
the boia4eS:-maig^ait: - integx:&te^ rotor: does? not hwm to fee fox^^d 
fey. the o^paotis^i fro^mss im% may &Xs# &a fomsa hy an 
xpj action -mol^i^p proce^B ,. 

l.e it a] 

&lso, the compouisa of t lie pretext lament ion e^Jiihlts a 
Higher fill density oompaetihllity «d/or £lo«gbia£*y.) 

ti&aB a. QO^pomd IswiudiBg the oowe^ti«I rapidly seliilf led 
mafhet powaer. $hns , aw a small gap (with a width of afeout 
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2 mm, for sample | can also h& f illed with tlic compound just 
as teteMM. cpnm^mtXfr the oomp^w^ of t&e presaat 
iBv^ntion is effective to produce a magnet ~ttft$^<£&& rotor 300 
(see Fia, 131 for use in an XPM (Interior par»»it magnet) 
type motor, 
[0194] 

Th& &&gfc&t.~ rotor 3£MJ &ko*m in FIG « 13 inGlsMes 

an iron core 301 (with a diameter of SO mm aitd a. thickens of 
SO -m* f or sample) c a rotating shaft slot 3m provided at t&e 
center of the Iron core mi, and a. plurality of arcaa signet 
elots 304 arranged along ttia outer ciro^ferencB of iron 
pars* 301, In. the illustrated a^ample, eight ^rcad magaet 
•3l©*« 384 arc provlclecL Each of f&es% slots 304 has a two- 
layer structure cwnAl&tl&g of a first slot 304a with a width 
of 3,5 for e»iM, m& a second slot 304* with a wi4tfi of 

1,8 wm> for example, slats 304a and 304b are f lilted 

with tiie compound of the present; iiiyantion, f feerehy forming 
feifed magnets. Bg. comMpi^g tbia rotor 300 with a &t&tar 
(hot shmm.}. ia wMqfe. S and. H poles mite arr&a&M ^IterBat^l'F so 
as to faoe tlxe magnet a.Xot© 3f4 of the rotor 300, an IPM t : Ypa 



motor can be prodtaaeS , 

T&e feoMed magnets may fee fo»rf by of various 

taetoifua^ for example, wlxere a compound includis^g a 
thsrmoBettlng re-six* la used* mi in- slot co^p&otion tee^ni^u^ 
(see &pa&e&e Laid-Ops^ F^blioation Mo. S3 -98 108, for example) 
may be adopted* Mm® , whare, a expound a 
tiiermopia^ti^ rain is u&e$, m mtgxxslon or iBjeotloi) molding 
teqlmi^e may be adopted > l^cordlag to any of tHe.se 
t^abBlgueB , tba slots and. 30.$3» ear* filled wttfe the 

eompo^ad of the present towntio.^ just m .totalled became the 
compound t€til0wa a goofi fill density* ftaB x bonded nmpiets, 
eKfcifei t lag a&o e I lan t meah&oiciaX prop artles a:B€l thecal 
r^istaece anfi shoeing magnetic properties that are at least 
•oomparabla to, or mm better tfeaB, those of tlae convarstionai 
magnets , can- be produces . As a rs^eit , a btgber-gerf oma^ce, 
blghar-^eliability JPM type motor of a smaller sima emi ba 
produced 

10196 1 



TMe coi»p:omd' csf the preaeBt im^intion xm also e£f eotiw 
to form bonded r&a$&ets for t&@ angle sasor {or rotary 
deader) 4f© shown in 14f : m| «. 

The rotary eBoo&ar 411 s&om $M- FIG, 14 ■{.»;} i&c&u&es a 
rotat.iBg s&aft 413, a rotating drum MS coopled to tte 
rotating shaft 413, a rotor 414 tMt :mb bssep teenSeS to the 
outer oiromst&r&nos of the rotating dram 4 : £6 and iaoi^ies a 
plux&Xlty'- or fe<ma<&# magnets 41§> and a 411 attached to 

the outer oircumfata^o^ of the rotor 414., The sonsor 41? may 
fee of any type a$ lonf as tlia senior 41? can d&toot wriatlon 
in ^ag^etir flux pro<lno#d from the rotor 414*. For e^ampie, 
tMe sensor 417 may feo Sail &eyiee * magpetor^i^t.^B:^ device or 
isva.pi0tO:imp^ia;n;ce «££&cfc devioe* T&e rotating shaft 413 Is 
aiBQ. coupled to a motor 412. The sensor 4:17 %m connected to 
an iiisjtnwnt (Mot shmmy* 

10198} 

Tim b.oi3<$e& magnets 41 made of the oomgoond of tfee 
present invention, may Imoo a cylindrical shape as jstiown 1b. 

120 



fig, 14 (b) . liso, th». boa;5M. «psts 415 are arraafea. aroaBii 
tfea s^ter elreamfereaee of the rotating tim® *W «o that tlx® M 
and S pales thoreof alteroate with eacto otter, Tne feostfteg 
magmatss 41t srsaj »«■ Oh&a©<! to the sitstlsg «r» 41S with. &a 
a^haai^e, for The rotating «$nim 416 may b*-m««to of a 

metal Material for: sample, and does mt tern® to b® ««e of a 
m&gafctio satenai . 
i 019 91 

Taia rotary saeo#r 400 operates $m thm following mmaaer. 
As t&e rotating shaft 413 o£ the motor 412 rotates , t$te rotor 
414 also rotates. In tti« meantime , the magnetic flta, 
pmmam from the hooded magnets 4X5 arranged .aroira& the 
outer oiroomf erenoe of the rotor 414 aa.d tU&n sanaeS hy the 
season' 417, c&a&f&s its direction as the rotor 414 rotates* 
in vmp&&»*,. the saaer 417 generates a signal mpxmmtlng 
aaah a variation in the direct ion of the magnetic t&vaH i®-~<9> * 
a variation in wltege or oarrent) axid outputs, the signal to 
the Instrument (not snown). In- this m&mnm, the magnitad® 
<i,«. , the aagle) of .rotation of the motor 412 is measarecL 
C 0200 J 
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Thm compound of tfee pr&se^t itwantlas* achieves a goc*d 
f ill density (i.e., 0omp^t£:feiX:it:^ or flowaMlltf ) * Tims, 
^touted masBets , ^mmitlng s^ell&iit magnetic properties that 
are at least qpra@^8$&e -feo, or even better than, those of the 
c«MtiwI magii^ts tsmA : aproYsg me^kanlc^I properties and 
t&erBml .^esietanQe, can fee ma& of the compotjBd, 
CoHaeg^eBtl^^ a hlgfe-perfomanee, tetgf* * reliability 
sbbbcc of a small sise can fee obtained. The ^agaet of a 
rotary eiKXHMr doss Mi have to be a Bumbar of magnets that 
arfe arranged g&ow in FIGS> and 14(h) feist may also be 

a moltipolar to^eti:^ed ring magnet provided along %h& outer 
eiroiOTf erem^e of the rotating 8&*m 
102011 

Furt!iBr»r8 y fos^po^H^ of t&e pr&&£Bt ±ixv&&ti.o& is 

also effective to males a :b$n&#&: magnet for the magnetic 
roller xllnetrat^ in Fl-SS , and l:5ffe) . 

FIG * 1S | a} a QrosB -sectiOBal vie%tf sohematiaally 

xlluat rating the structtire of m eleetropliotograpk p^Wessi 



oa^t^i^ga SSI* Tlie ear t ridge iil. l^cl^^ea a pbotoae^siti^a 
feiffi Mt is- gtreoleloB Ip^Icat^d lay ^rraw h#. a 

ofea^ging roller 5Q2 for dfe&rflisg tfee 6r« BW* a fe^elopsr 
Ml,, mid a M2< m&m meMUBrs MS, S.03U Sill «d 512 

aira- otMeM togaAar wit-Msg a ain§iB &&$&it&g<> 

#M:cli toper SIS is & dwel^feg ai^ava m& %m 

pwl&S 1b a «tatat5le state iBsife the opening of tfa® 
feyalo^lBg c«&t*£.$6r S§# so to £a$te tfee pfeoto^ansiti;^e 
arm TJm developer Ml f«t|« I&oIM&b an elastic 

blasts §14, whiak co^taot^ «Lth the fewttplig 0l« 50* „ 
tfeareb^ ©onrtrolli&gr the tfeielsiess of tte to&'&s? 513 ttiat la 
feeing deposit ad on-, MHi transported by, the de^elopi^g sleeve 
Hi. 

! 0204 } 

FIG. .10 a c^oas-aeatio^al v.iaw :sc:hemat.ieallj 

is* the process cartridge 



[0205] 

Tk® Seyelopixvg slwe SOS is made est" a n^R-magBatio 
material ana &&$p<*x:&&& in a rotatable state 'by the clewloglag 
container 5-8$ vi® a fceariag. A magnetic roller 107 with a 
diOTe-tar of '3*8 .m& r for example-, .is provi^fed i^^ida of the 
#^elqpl<Bg sleeve SM&fi with a iimseter of 10 tim* ^or a^a^ple, 
^he shaft of the magnetic roller sm ims a aotcJv 587a~l, 

which engager with the aevaloping coaiainsr 5©$ to ssaitre -"th&- 
tim§tk.m±c roller S$7- to tim oositalxwr sm. Tim magnetic roller 
50? ha& a dB^sloping pole SI in front of tho pbotosa.^Biti^e 
drum SI# a«d thae mora poise Hi ami M at oth&r positions. 

[ 0206 3 

& maghet SOS is p:roviSe<I to as to suirro^mci the 
0B^elto|>i:B-g:' sleeve §06 aBci forps a mag tie tic curtain in t|ie gap 
g bo-twee^ the de^elopiBf ^leef.e aa*$ the magnet SOS. She 

magnet io certain retains the toft&r the gap , therehy 

presenting the torter leakage* 

[02071 

The magpetio. roller SO? is made of the aoigoma of the 

124 



pmB&tkt ±xmm^±on, and eMiiMts exeeiXaiVt pagnetlo properties 
tSmt are at least coMpara^la to, or ®-vmi batter tfeaa, tlm-m 
of fcfea. conventiOBal magnet, Tiie roller 587 also exeslss in 
meelianical properties -ma. t&arm&l re^i^t^sica. A^sar^n-ffly * 
fee »petic roller . 587 an$ dev^lppiBf sleeve 506 can fee of 
•smaller s-Ib&s .t&am tfee cptweptiosial ones, ana yet can. exhibit 
Improved ■p®r£®x$m®®m* me magnetic roller m&m m£ the 
compact of the p^eeent invention also applicable for we 
in a. clewioper or da-eloping cart^I^ge for a photocopier or 
laser beam 33 rioter, 
[0208 j 

Hereinafter , examples of tix® present invention will fee 
described* 
10209 j 

(E^ample^ Mob , 1 to 3 a&*i Com&m&j&t &ve Example Mo, l) 

<Iow to prepare Magts^t pdffet) 

A- material, wfe : i<s& had been to fe&w en alloy 

co^p0BitlG:a iBoMSing 8,9 a:t% of fM, 1,2,6- at% of B, 3*0. at% of 
T.i, 1.4 att of C,, 1,0: aft of Sb ami Fe as tne baMoe a 



wi^t of about 5 kg> was; tatro&Moea into a crucible and -th*ft 
±®Mn^tiYpXj heated withiB an &r- atmosphere a praaea^e 

maiotaln^d at abo^t S0 &Pa, thereby siakteg a molten alloy. 

{=0:210] 

& rapidly solidif ies alloy ^as male f rom the molten alloy 
fey a strip casting process, Moara apaeif ie&lXy* the cxucifeie 
was tilted to directly feed the Molten alloy onto a p^re 
copper chill roller* lining a diameter of 2SS tim and r&tatiBg 
at a surface velocity of %'4. mjs\ by way of a shoot , therefey 
rabidly iMditog and solidifying l$k® xmltBn alloy. In 
feetling the malt onto t&e roller, the melt was hraaohad into 
two flows on the Bhoot ®m&. the melt feeding rate was 
oo&trollea to 1. 3 Mg/m.a ger »lt f low by a^ju^tiBg the tilt 
aagle of the- oxraolfeie^ 

10211 I 

&$ for the rapidly solidified alloys obtained 1b this 
s^aaner, the thiofees^ea of 180 oast flakes were measured with 
a ilcco »ter, -Ab a result , the rapidly solidifies alleys had 
aa average thl0:kHes5S of 85 U rn with a standard deviation, if of 
1.3- u «u Thereaf ter, the rapiMy solidif ied alloy that had 



fefas -pafe in thia m^msm: was gatearlmeS to a. M&a of ESQ 
or less M>3 then was Xoaoea at a feeding rate of 20 g/to lata 
a iKR>p belt feiM, rro^iBf at a. halt feeaiSg spaec! of ISO 
■fmf<®m- tea^ : it>>| a soa&isi^ Me with a length of afemst $Qfi ftm, 
fitfeM &mbn ^tmomm^m tMt feat a tamparatore ratafead « 
ISO la tMi trar, tfee p«#&x : th*xam^ treats! ta 

mate a m&p»t powcier * 

The er^stal structure of the r«ultaBt mapet pMtr waa 
i<le^t;tf led 0f a powfe^ XRB •p$^lf r s£s; * As a result, the map^t 
p^fer tarae& out to be a Tl-ooatatEing oaiiocom|?oalta -m&gf&at 
: p«fer iBcloSi^f ea f$8&F%$B pfeaea, aa Fe^Bs phaae aatl aa &v~Fe 
phase, 

Iheraafter^ tlm ra&alt&ut m&p-i&t powder was ptjl^ari^ad 
wlt'h a pin disk as al^eijf aeaorihaa wiitx rafereB^e to 

FIBS. 7 m&$ B to mate a mapat powdar ha&i&g tim particle 
m.BtrlMitxom tftoowb la tM following f^hle 7* It EteM ha 
m>t#i that the particle alii di^trtbutioa: w^.b aalauilatad hy 
olaaalfYiug SO § of the pester mth a ataoSa.ra. aie^e ao^plyio.g 



with JXS 8801 m& plottlBg tftn mmrnm off powder $x££±<aZm- wSMt 

(0214 ] 



| Parties© sife 


Mas si 




10 . 40 


3S<> $53 


22,74 


53<, S7S 


27>47 


| f$<,- &1G6 


30,17 ! 




0 .39 


! i:2:5<, ^ISO ! 0.55 

: i 
: i 

: : ^vwwv. . 


j 15G< 


j 0 > 28 



[02.15] 

The a'spset ration o£ th& resultant 100 magnet powder 
p&^tioX&s were ^&&qul&t#sl witSi a aoa^img electron mieroseope, 
As a result* all of t&o&$ far tuples MS aapeet ration of 0.3 
to i . o v 

C 0216 I 

<How to prepare aomp€mB<l> 

fno Tl-coBfealBag mBoaompo^it^ Kgiift powder f:wi : £& a 
trtie Seassitf of 7,5: g/onr v ) and an MQF-o pmfer on tte market 



{Wlt& a trae density of 7 . S g/qm*),. of which the particle size 
distribution had bmm almost ^qtnalised wltfe that stem li*. 
f&tsXe 7 through class sifiost.ton, were mixed together at the 
volume parfissatagss sliowci la the follwlttg Table 8, The 
resultant mxtists were used as magnet powders for beaded 
magnets . flies© macaat powders for bonded magnets and tifylm m 
(with a true Ssnsitf sf 1.1 g./c® 3 > were kneaded together with 
a biascLal deader , for example, thereby abtaiuiog ecti^fOtttttl* 
for rare-earth tended magnets as Examples i<os « X to 3 and 
Oeraparatlve Example 1. The wlam© pereantaee of the 

mkgnet poMer 1m the reiraitant e<Mp®im& (i.e* , the magnet 
gowaer pareantaga) , wM* was calculated. h®m& on the trae 
density (of 5,0 g/oti*> of the result mt mmpQm4, was 61%. 
[02171 



[Table 8] 
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100% 




5£ cii J >, !: j_ J . _fc _ ^ v-i- 


70% 


30% 
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1 mp. i. 
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< E^ml ts& t i osxs > 

Ifea c$m&NR&u /.^^r^gen^eg iEe&e examples ana comparative 
sample ^B^e sufejaotea to the following- e-vateatloBS* 

(Evaluation, of fla*m&±Illy-} 

The melt flow rataa of t&e eompo^^ repraa eating 

E^ampie^ .ftor- 1 to 3 iM Comparet ivB Example Mo * 1 were 
eva : lmted &• malt tndis^er* The ^mlmtio^ donations 

incli^e^. a &&&&&& d^mmt&r of 2*095 rm.* &^trusio& Xea-S of 5 
kgf/om\ and melting, temperatures of 240 , 260 anil 2 BO L .> 
It should be noted that the higher the MFE value of a c^poti^g, 
the battBr tM. f lowtbilitY of the compound. The result s are 
tm®m m ®e .£6I2#w£ng Table s , 

I 0220 ] 

CS^aluatioa of oxidation resistance) 
Increases In m&BB fee to oxidation (i»e> > increase <Iua to 
a^iSatiOB) ware measured on about 5 g of compotiB% 
representing Examples Mas. I to 3 and Comparative Example Mo* 
I , *im& mm l.mt Is* the air f or 10 minutes? at 40.0 T • . 

ftee increase sMe to oxidation is repro^e^to^ herein as a 



peroe^tage ealeM.ate€ fef (mwgs. aft#r leaving mass bMTora 
ia^i^g} / £niatf5 feef ore M^Ieg l , T§xe smaller the increase fee 
to the oxiSatiem of a.- oom$mm&> the better, the o&M&tlaas 
resist &n.oe of t&e pompoisBd. results are also sMw. .in the 



[Table 9-1 



I 


HFR value (g/10 min , ) 


Increase C % ! 
t o ox i slat Aon 


240 i: 


260 t: 


im '€ 


! Example 1 


130 




3€S 


0,152: 


Example a 


ISO 


255 


350 


0,180 


| Sample 3 


114 


im 


320 


0.254 


; Cmp. Em, I 


_ 


its 


190 


0 , 261 
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{Property evatoitiOB of l0jaation-s^ol<aad bo%) 
The compounds r epr&js an t i,ng Ex^ple fe, 1 (3o^par<stive 
Example Mo, 1 were Imj action -molded i^slrig a cavity *?i.*Jfe- cro.as- 
saeticsiial sisaa of 2 «. and a height (or depth) of SO 

are, tkerefef prodding bo£i<Iad magnets having a flat a&d 
alonigated shape, It steals be Boted that this canity shape 
was adapted to rep Moat e the slot shape of a rotor for o.ea ;Ln 



10123] 

taefe of tfeasa magnets was e^uall^ a±m<tea into 

fti|$&$t pieces will be referred to fesrelsi as "magnet pieces A, 
8 m& ^blcfe aim tM closest to, <&o$feftt m, 

tim Immt aim® toy tte l^jecjtlo^ maMlag g^te,, t^peoti^e^* 
A polaaa mastic of 3 ,2 M/m or more ». aipil^a t© 

ttete «p^t pieces parallel to tfee Sorter sicle Ci*&,.* t&e 2 

»e xfesBlta. are stem la the follo^i^g -T&fele 11. 



[Table 10 3 





In.3ect..iQB 
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Piece 


if) 










A 


0,S00 




49.4 




260 


8 ' 


0 v 496 




48,4 






C 




00? . 5 


48 TO 


HO, 1 




A. 




080.7 


47,0 




350 


B 


9,413 


fOO,. 3 


.49 ,1 






C 


0.496 


990,4 


40. .S 






& 


0,481 


mi a 


49 . a 




268 


8 


0.472 


99 2 » S 


42,8 






€ 


0 . 46S 


989 , 9 


" 4073 


MO* 1 




k 


0,433 


993,1 


40.7 




350 


B 


0.425 


984.2 


39.8 






C 


0.414 


988 .8 


35 , 1 



As omn be seen £mm. the results Sn T&hlm 9 . ? tfee 

c&gtp&tmd representing Example. Mo. 3. r inolis-dl^g 2 6£ 
eoatalBlBg aa^ocompo^ Its magnet powlir , e^iibitad better 
flow^MlItf thmi the co^pma ^ep^esenti^g Comparative l^a^Ia 

when tiia pereesit &<p of the Ti-contaisiiB§ na^ooomposlt^ m^gpet 
pawner i&cr^&'&M to 701, the inoreaae Sue to oxidation 



,ippik:^im Number: 



propped to leas tlnm 0,3 wst mat la to say, the M^ifl&tion 
.r«si*tams?e improved, 
I022S! 

.Aa o<m be from tfte yes-alts shown 1b, fable i0 f tte 

aompoond rep^e^eiitl^g Esca^ple Mo, 1, lnelu<ilrig the 
o^nt^i^iBg Mnoco^po^d.te magnet poster f sh®w&c\ oon&tsaxst 
magnetic? prop&rtiea astd excellent flowsfellit^ ami oMd&tiori 
.resi^ta^ce, no matter how c&ofle feo the gate the magnet piece 
was. aat 1st to say, tha i.p;jeotiop. -n^X&iiag- process cool§ be 
out ooB^taBtly avan with a :?mr^ow cavity. In M$itl-on. , 
« wl^ari the molding process was psnormed at 3B0 C r %m 
aeterloratia^ to magnet -tq properties toe to tha oxidation of 
the restiltaat Ixs^aea magBat wer;e ateemd. 
1022?] 

On the other til®' compound repxe^e^ting Comparative 

EM.mm'1® Mb. I showed a lower £ lowsfeility and a relatively Jiigli 
i&qre&se fee to 05sltotiOB of mora than 2,6 m&ast 
inferior a«l£&t£an rasistanca)* .&& sl&o can fee seen, from me 
results sfeow tn Table 10 , the- more distant from the gate t&e 
magnet piece was f the lower tfte is&gnetic properties thereof 



Agpftoutkm Number: WM-SSm'S 



(i.e., tae lower t&« fill S*»*iiy of the compound in tfee 
<m^My). Fiirtfeerpere , t&a magnet piece t&at was i&J&ctio**- 
ml« «t 350 t: ^lifelted apparently lower magBBtic 
momrttm tfe&B the capiat pieoe t&at %*m molded at 260 ^ * 
TMiB, it oan be m®n t&at mm mg^etic gropertie^ deteriorates 
fee to tlie o^ictetloB. of the magBBt powte* 
[0228 1; 

(E^«pie Ho > 4 and Comparative Examples te v 2 aa.d: 3 } 
<How to prepare -eompotmsy 

A cojif OMci repxeeentMS: ..B^ampla Mo - 4 was px^#&re3 &s±ftg 
oHlj tfee Tl-cOBtaintog mw>mmvm : ^%B. magtet pawder (with a 
tttu* density of 7 , 5 g/o^, sea 7 f or part icle • sise 

distributioii) that was used i& t&e. Examples Mam * 1 to 3 
Seecribea above. On t&e ot&er ha&d, eo^oaods representing 
Comparative Examples Mas*, 2 a&« 3 wer& prepared using a MQF-B 
powder (available from MQI £&o* aid witfe a true density of ?,S 
g/mr'} imA a. powSar (available from. MQ-I in©* and with & 

tras Sa^Bit^ of 7.5 g/qm 3 ) , respectively * 

^ ^# 

More specif ioallY, e&qfe of these magnet powSex>a was Mi^ad 



witfe 2 wasti of &pm$ raslp, fed a trm &m&xty of' 1.2 

g/oM s s&d whiofe. : : »t! toesn £$3ja*&$. with mst^l &£llfl.. fetoa 
fw&ere the masa pea^^taga was ealctilateci mtm respect to th$ 
re^^ltant ?&Bte*$£ t&r the M^ttt£B was M^Sal 

wimto an Mr at^aflaM wMile the w.thyl ethyl ketone was 
hein§ vapor i 55 m* tlm^t^ making co^owiida for r&re~ earth 
tm&u*k* representing l^^pla -Mo* 4 and Cc^amfeive 

earth alloy powers &m the f ■ wM.£fi wars calculates 

based, on the true density Cof g/-em 3 } thereof , ware 90% 1b 

the eempoimSs reproa anting e^t©1& Bo, 4 aoS.. €osiiga.ratiw 
E&am^le Mo. 3 3§% in t&s aompo^nd rspreBeBtiBg Caifffatiw 

Example Mo. 2; respeotlvelF. 

<Mow to make magnet > 

ComE>resBed hondai. m^gpeta, each having a diameter of 10 
TO a height of 1 mm, were &&&& of the oo^otmdss 

repteBe5it;i^f E»gii Ko, 4 aM. Goisfp^teB Examples Mas, 2. aei 
3 with the cp^acttog pressure adjusted sadh that each of the 
re&aXt&at magnets wiM kwe a danalty of g/om% 
Thereafter, the m&g&ets were tbexmaily treated at ISO "C for 



otie h#m$t witfeiB a& Ar gas at^apii^ra . 

The aBticorro^ivaa^sa of ttose bomi-ai magnets, iM* 
»:.€e of tfea om^mmSM ripsitnttaf S&ample Mo, 4 and 
Co^pa^atiTC I^«|>;iea Bo** 2 m4 3* was fevslsaat^fi* Mom 
eps^iflcally, the bo&S&d magnets f wM.ch had b&o-ft magnet 
with a gs*3L&e& magnetic- field; #f 3,2 or g&@r& Iwbar^ a — 3 

la of tte and ^s^ar^ti^a- ®&&g^X®&} , were left ±& 

a fe&gfc-t ei&pe mature Mgfe - M». Citj e^iroM^jrt wi tfe a 
ta^paratura of *C ana a rolatiw m^»mtf of SSt* thor^hf 
calculating maBB l^ccaasa percentages rim* to ^^i#at£on {i.e., 
IMsts after I»^§ - m^s tefore Is^iEg) ^ (weight Ml« 
l^avt^lXi^l asMi mrlationE M iipstk f !m f#opea| (i.e., 
{ (magnetic flmz &:f ter leading Mghat ic f lux bef ore leading) 
■r C»gnetia flM fefom leaminf }} ■■ X lo§| , FIGS. ami 
as-e graplw plotti^a the res«X«* obtadaed fwkexe eaoh set 
of data was at .n — 3} with ^espeot to the time in 

whi^h the »prt was lef t . 

lis a result of these e^part^e^ts ,, it waa diaa^^x^d that 



tim Imn^ii ia|Mt isiao the ca^po^od of the present i&^o&tioa 
fegraaMtM by l^ampl-e Mo, 4) oKl&&.iloft or 

defe^i^^atio^ in magnetic properties msofe slowly fcvea u&^er 

magne t a Miif $fe«t ©oEspoia&as r ^psres^ritiB g Co^pa^^tlw I^a^pl e ^ 
Mo&< 2 3 that i:^cli«ed the oanwntionaX rapMlf soliaif ied 

1st $ec±m of the tp^&tios* J 

Tbo present im^mtlot) provlQee a eompmmd for a rare- 
e&rtti Borates magnet, which caii Minimise tlxe deterioration in 
Magaatlo properties Sua to tfeo iiaot a£#Xlo<t to f orm a bopilM 
capiat fef a oo^p«tioB proves, l&prayB tfee compaeti^illtf 

iaeludi^f flq^aMlity, ap4 ©an make a .rare-^irtii feoBcled -magnet 
witfe ^oellent mago^tio properties Mi anti^Q^rosi^B^e^^ > 

1 0233 1 

Tim mmtgmmil of th& present Invan tioB Ims e^oallerit 
flcs%mfell.it:f ^ « fea- asecl p®rtl.onlarlj effaoti^alf g 

coipoW to be xBieotion »laei. 
[Bri^f Description of the Drowi^gs] 
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i wig, n 

A g&&ph slwwii% a ralatlOBS^.ip between the wimui 
»r®' pro#act .(BH m& thm- concentration ®£ boro& ia an 
MS-Fe-B BaBooompoai;te magnet iEOluSirig tm additive ti , In 
mh±ah the white h:m& mpzmm^t data about g^&pies containing 
10 atl to 14 att of w&ila th& black fears represent data 

abou t samples ois&t piping & arfct to 10 : at % of h^l 

ifm* 2i 

A gr#ph ptowlag. a relationship between tfee 
energy prefect {BE)«^, a»t& the concentration of boron in .aa 
Md-Fs-B nanooo^poBite sTi^gxset inc&M&J^g a&aitlve fi, in which 
the wtiito bar& rep^e^a^t tota abo^t ea^pie:s oont aiding 10 
to 14 att of !M, w&lls the black bars represent data &toout 
8rnm$m cob t&ining 8 at% t o 10 at % of MS, 

f FIG* 3] 

SoM-emat. i ca. I ly Illustrates an E^FeaB compound phase an€ an. 
(Pe, TI}~© piiasa In tlm imgn^ t of the prasant iswaiition. 
I* FIG , 4 J 

Sehsmatioally illestratas how rapidly sol±<5ifisa alloys 
afea&ge tkeir miqroBtr^cture^ during the crystallisation 



g&$^t wlmra « or aBotJ^' a4«emt la iiastsssaal 

Of TI, 

{■FIG- S| 

S(a| a CTWS-B.^dti0^1 view illuatratlBg -an 

arraBga^a^t of a meohi^a tor use to ma&a a ragMly ptliMf iii 
alloT Sox ttm &?om rare-earth alloy magnet of th& 

pxm^nt i&v^t&oa ami i|l>) Illustrates a portion of tise 
maclilBs , Aim a -.tm&t is rapidly q^ssicfee^ &b& &oiM&:£ i&C ob. a. 
topt scale. 

| FIG, 6] 

SCal la a perspective aefeamatlcally HlMtr^tiBg 

allor yet to be p«ar£me€ powto partiolaa far 

tfte- pre^at Im^^tlon sad la a pexapecti^a view 

sd&aimtl^allf ili^BtratlBg am all®% fat to be pal'¥eri.^a4 am& 
p^l^eriiEai pewfec p«tiolee for t:he prior art, 

|F10, 7] 

h vim? ill^^tr^tiBi a. Q^B^fipiratiop for a pin mill. fer 
^aa in «m- smtodime^t of tbe preheat in^eBtlon* 



A view allowing t;fee ^rx-aBga^aBt of pism ie the ;p£& Mill 
sfeown In FIG, 
[FIG. S| 

A grssipb. skowiBf tfee mass- .mc«iss peccant a<|as of a 
0«t at n 1 eg n«o€^^0:Site t p0w3ar &&c^€iEg to tfe-e 

present i^entioa ana c:^eEtioMl rapiSiy ^IMifttft magnet 
powders with the heat applied thereto. 

l¥t®. 16] 

A or&ph showing the dsepitlea of eosspaotss f or a boBSes! 
ma|root, wfrt&h were m&ie o:f fi-m^M^f Bwe^osite ma§e#t 
powders witte. Mutually dif ferent particle M&e ^ietrlMitioa^. 

[FIG> 111 

Ar< e^plod^S; p^repeati^a view Hahe^atloally ill^trattiig 
the const met le^i of a Bteppi^g motor 100 iaoluglng a paaMSBl 
Mgwt rotor ae an e^l>oaime^t of tfee present iB^atlois, 

[fig v taj 

fa! throsigt*. (41 &re ^lews showieg a. !>0^fe:4-iMptt - 
i^teiratoa rotor 28$ an4 a compact i^g procees thereof 1b 
a^qoxxia^ee with ao. eml>o<IimeBt of the pre^^nt- iM«tio.R< 



[FIG, 131 

& ae&am&tio regret m tat ion ill lib t rating tfea oonf l^mwtl&n 
of a rotor as another: emfeo#;i«Bt of the 
pr a n t l^wmt i mi * 

IWm* 14 j 

(a) ami ffej ^rs via^a schema tioallY Illustrating tlie 
&tem®%xxm. of a rotary aaaodar 411 as still ' «ba<M#^.t 

CFIS, IS] 

(a) an<! <b) ara &x&&&~&&ct±&$ml ^o&^^ttoaJ.Iy 

cartridge 5IMU. ±0:Ol.aa;iag: a magnetic roller as yat ar^o titer 

amfeDa^eat of t&e j«TOt %ik&mt±m* 

magaeta maim of o^o^b^b of E^^pla m* 4 of the praaeat 
Im^ation and Comparative I^aaplea Hos. 2 and 3 wMea t-ho.se- 
magaet^ were left to a big* -tamperatore , high -M^Mity 
amriroameat with a ralatiw h^idity of 90%, whareim |a> la a 



gmsgk plotting tl^ :iri^»ase iJ^roerstaga with- re^psot to 

the in tte »gmet was left; ami {'&} is a fp^&pSi 

plotting :■ tfee variation ±a mgMtlo fitm C #ofen) with respect 
to time la fMA tlMs m^pl^t was left. 

ife, 2My ami Sfe atm^spfe0rlo gas to let port 
la, Sa fa §aa cmtlM; s>c?rt 

I melting 'clws&tsfcr 

3 mal t Cllc&le 

4 re^&ryoir 

5 teem tog nos^to 

? rotating chill roller 
22 allof 
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mm® of the DocmentJ m$TmCH 

D^roMoM] fo prsftde a cosspoimd: for a rare-e&rtti feoacleo. magnet, 
wM.<§fc : *s£&iMi£es «<&t#£4i&r&tioa M. magnetic properties fee to the 
ImaM. applies to f®zm a faooaoa magnet fey compaction, Improves 
eom^^ctiMittY inclmaUiig f lowablllty s and mafefea a raro~a&rtfe 
feoa^d magnet mth. e^ooilent magnet ic. properties $m& 
aatloorrosivoaeas 

[ Means fo r s olvlag tlm fr ofe l esrs 1 A c®f»p©^n4 f or a rare - e&rtfe oo>a<io& 
ma#aot m&imm a rare-earth- alloy powsiar asi a Mnfe, T&e pow#or 
iaoloelea at Immt 2 mass % of Ti~o0»ta&Bii*g. »an.oc©mpoMte % m»m®* 
powder i>artlales repreaeatea by iW&x*®* }. it>a-*«*~»$M$**.* *9*»«t«* T is 
Co aac!/or Mi> 0 is * m.m or without Ct R le at least oae of the 
xmre-ea.rtfa: alomoatiS substantially e^c W1b§ La asS Co; M Is at least 
oho moral olaiseat including Ti with or without Sr au<S/or Hf 1 asset 
x, y f 2 aM m sat l.sfy 10<xi-20 at%; 6<y<10 atl s Q„l$hM.m at* 
aad OiiiSs.S., respectively. The particles iaolaio at laast two 
forromagnotio qrystalllaO phases, whara hard and sof t m&fhstid 
phases i*&ve sa avorago crys tal grain also of id- mm to 200 cm and 
aa average crystal grata else of 1 » to 100 am. 
[ Select ad rigorej aoae 
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